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ADVERTISEMENT. 


T H E Comraktce appointed by the Royal Society to direft the pub- 
lication of the Fhilofophical Tranfa^ions, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in feveral former Tran/adions, that the priming of them was 
always, from time to time, the fmgle acl of the refpeftive Secretaries, till 
the Forty-feventh Volume : the Society, as a liody, never interclling thcin- 
fclves any further in theirpublication,than by occafionally recommending 
the revival of them to fome of their Secretaries, when, from the particular 
circumftances of tlieir affairs, the Trtwfucfions had happened for any 
length of time to be intcrmiitcd. And this feems principally to have 
been done with a view to faiisfy the Public, that their ufual intotings 
were then continued for the improvement of knowledge, and beiulli of 
mankind, the great ends of their frll inftitution by the Royal Chartcis, 
and which they have ever fince ftcadily pursued. 

But the Society being- of late years greatly inlargcd, and their cosn- 
munications more numerous, it was thought advifable, that a Committee 
of their mein' crs fhonld be appointed to rcconlider the papcis re.id be- 
fore them, and ftlefi out t)f them fuch, as they fliould judge rooff pro- 
per for publication in the future Tran/adlons ; which was accordingly 
done upon the 26th of March 1752. And the giounds of their choice 
arc, and will continue lo he, the importance and fingularity of the luL- 
jcfls, or the advantageous manner of treating them ; without pretending 
to anfwcr for the certainty of the fails, or propriety of the reafonings, 
contained in ihcfcvcra! papers lb publifiied, which mull Hill reft on the 
credit or judgment of their rcfpcfHvc authors. 
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It is Ukewife neecffary on this occaOoo to remark, that it » an efta- 
Isliihed rule of the Society, to which they will always adhere, never to 
g^TC thek opinion, ^ a body, upon any fubjed, either of Nature or Art, 
fhat comes before them. And therefore the thanks, ndiich are fre- 
quently propofed from the chair, to be given to the authors of fuch pa- 
pers, as are read at their accuftomed meetings, or to the perfons through 
■whole hands they receive them, arc to be confidered in no other light 
than as a matter of civility, in return for the refpeft Ihewn to the Society 
by thofe ■commimkations. The like alfo is to be faid with regard to 
the feveral projefls, inventions, and curiofities of various kinds, whkh 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even. to certify 
in the public news-papers, that they have met with the higheft applaufc 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to fuch reports, and public notices ; which in fome iallances 
have been too lightly credited, to the dilhonour of the Society, 
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PHILOSOPHICAL 

TRANSACTIONS. 


I. Obfervation of the Variation of Light in the Star Algol. 
In a Letter from Sir Henry C. Englefield, Bart. F. R. S. 
and S. A. to Jofeph Planta, Efq. Sec. R. S. 


Read November 6, 1783. 


H aving been fortunate enough* frooa the fineaefs of 
the laft night, to make a fatisfadory obfervation of the 
variation of Algol, I iofe no time in communicating it to the 
Society. 

The laft vifible period was June the loth, when Mr. 
Aubert, as well as myfelf, obferved it, though imperfedlly, 
VoL. LXXIV. B and 



AU the fdlavmg oi)iervations were made with an excellent 
aight-glafs, magnifying about eight times, with a field of 5®,^ 
in which therefore Algol and the ^ were diftinflly vifible at 
once, ' 

I firft looked out at midnight, and readily found the ftar, 
though hardly vifiWe to the naked eye from the vapours near 
the horizon. It appeared much bigger than the and full as 
big agaia as the t, alfo in the field at the fame time. 

At 1*2 i h. I looked again, and faw but little difference, as 
Algol was riien alfo evidently much brighter than ^ I at that 
time faintly perceived it with with the naked eye. 

At 1 h. 10' the ftar was but very little bigger than the 
diminution having gone on moft rapidly in the interval be- 
tween the two laft obferVatlons. Though higher above the- 
hdrizou it was much lefs (if at all) vifible to the naked eye. 

At I h. 35' it was, I think, diminiftied (though but little) 
fince the former obfervation. It was ftill, however, a v^ry 
little larger tlian f, but not at all vifible to the naked eye. 

At z h. it was fcarce at all altered from the laft obfervation f 
but, if any thing, feemed recovering its light. 

I had meant to obferve its progrefs ftill further ; but return- 
ing to the glafs it half an hour after two, clouds had luddaily. 
covered* the whole iky. 

The fa<ft of the diminution of Algol is, however, fully 
eonfirmed (if confirmation was wanting) by this obltrvation, 
aa'd the aocwacy of the period fixed by Mr. Goodricke alcer- 

tained,.. 
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tained, as the phanonacnoa was certainly within half an hour 
of the time fixed by Mr. GcJodricke, which, divide on eight 
periods, gives only an error of four nunutes on the length of 
it ; and a nearer coincidence is not to be exposed in a matter 
of this nature, where eftimation is the only means of deter- 
mining the brightnefs, and twoperlbns can hardly agree within 
a few minutes, from the difference of fight. 

I ami &c. 
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l|. Objervations <?« the Obfcuratm of the Star Algol, by Palltch^ 
' a' Farmer. Communtcated in a Letter from the Count 4 e 
^ B^^uhl, F. R, S. to Sir Jofeph Banks, Bart. P. R. S. 

Read November 13, 

Nov. 7 , T7*3* 

S I R j Dover- Street, 

I A VAIL myfelf of the permiffion you gave me, when I 
had the honour to meet you yefterday in the Drawing-room, 
by lending you the following Ihort account, which was tranf- 
mitted to me by Mr. Cahzlek, onp of the Eledlor’s Libra- 
rians, dated Drefden the loth of Oiftober. Palitch, a far- 
mer of Prolitz, a village in the neighbourlrood of that Refi- 
dence, law the greateft obfeuration of Algol on the 1 2th of 
September, at eight o’clock, P. M. On the 2d and 5th of 
Oftober he obferved the fame phenomenon On the 5th 

the greateft diminution of that liar’s lig^it happened fome mi- 
nutes before feven, when he ju<%ed it nearly of the fize of a 
Rar of the fourth magnitude : it coiifinued increafing in bright- 
nefs till a quarter pall ten in the evening, at which time it had 
entirely recovered its ufual brilliancy and lize. From his own 
obfervations he ellimates the period of that remarkable phaenop 
menon at 2 days 20 hours 53 minutes, 

1 have the honour to be, &:c. 
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III. Further Objervations upon Algol. By the Jime* 

Read January 15, 1784. 

O CT. 20th, Palitch faw Algol nearly at its grcateft ob- 
fcuration, at 3 o’clock in the morning. 

0£t. 2 2d, near 12 P. M. he obferved it again in the fame 
ilate. 

Od. 25th, at about 9 P. M. it appeared to him like a ftar of 
the third magnitude. He was prevented by clouds from making 
long obfervations ; but as all thofe he has had opportunities to 
make, indicate a period fomewhat longer than that of 2 days 
20 h. 51' he is inclined to think that half’ the difference 
between that period and his own, viz. a d. 20 h. 52' will 
come very near the truth. 
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3 V. Dejhriptions of the King's Wells at Sheemefs, Langaard- 
Port, and Harwich. By Sir Thomas Hyde Page, Knt. 
F. B. S ; communicated by Lkut. Gen. Rainsford, F. R. S, 


Read November 13, J783. 

riEUT. GEN. RAINSFORD. 


SIR, 


St. Margarct’s-Strcct, 
Match 28, 1783, 


I HAD the pleafure to receive your obliging letter of the 
28th ult. mentioning, that it would be fatisfaftory to the 
Royal Society to have a defcription of the wells at Sheemefs, 
Harwich, and Languard-Fort, which were made under my 
direflion, whilft I commanded as Engineer at thofe places. 

I beg to acquaint you, that it will be neceflary to mention 
fome previous circumftances that occafioned thofe undertakings, 
which will rather interfere with the defcriptive part, and I fear 
intrude on the patience of the Society ; but I (hall in this re- 
lpe< 3 : hope for their indulgence, it being my wifli to explain 
the nature of the different operations as fully as poffible, that 
fimilar fituations, where water is wanted, may receive benefit 
from the experiments I have had the good fortune to fuccecd 
in ; and it cannot fail of affording me the higheft fatisfatSlion to 
have an opportunity of communicating this fubjeft to the 
knowledge of the public through the Royal Society. 
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I have 



I |)«ye ooly further to reqiNl, t|iat you will do me the; ho- 
^ur to ky the following defotif^l^ia before Sir Joseph Banks 
and tlie Soci^ l, and as you. are fully acquainted with the fub> 
je<^, you will confer on me an , additional favour by explaining 
the feveral parts (tf re^axfite) more fully than I have dtme in 
the written accounft when it is under confideratbn. 

I am, dec. 


Some circumfianm refpe^tng the garrifons of Sheemefs, Land- 
guard-Fort, and the Town of Harwich, with a defeription of 
the wells which Jupply water for the ufe of the troops^ &c. at 
each place. 

The Mafter-general of the Ordnance (Lord Townshend J 
in the beginning of the year 1778, recommended to his Ma-. 
jefty, that the fortifications upon the Eaftcrn Coafo, including^ 
Dover, Sheernefs, Landguard-Fort, and fome other places,.' 
fhould be repaired, and new works added, where they, might 
appear neceffary towards a proper ftate of defence, if a war 
with Holland, or other I^orthern powers, was found una* 
voidable. His lordfhip forekw the great objeftion to fortifica- 
tions, in the want of frclh water under the command of the; 
guns of our garrifons ; andT had direftions Accordingly to con- 
fider the fubje<!;f, and report to his lordfliip and the Board of 
Oidnance any ideas^that might be likely to remedy fo great a. 
defeft. 

The dock-yard aiid garrifon at Sheernefs were fupplied witln 
WAScr from Chatham at an enormous expence, near two thou- 

iani^ 



faiid |ii)«D38 ^ from- ^ueen^birdu^h, 

neitlifii' 6f which fup^Iies co1|tl{'Whoii|ioued in Ctife a fi^i 
winch of courfe Would be of fhbit'dilration from this' circuiii^ 
&&IKC, Some attempts had be^vm^de in former times to ob‘+, 
fain water on the fpot, bjr finkitig wells, but thej had failed j 
and fuccefs in foch undertakings was at lafl: coofidered as knptoP 
fible, from the great difficulty they had met with in the vaft 
quantities of fea-water, that came by filtration through the 
fands into their wells, and rendered a progrefs to any con- 
fiderable depth imprafticable. It is probable, that the courfo 
of the river Medway has undergone many changes, and had 
once an out-fall to the fea, near the high ground of the Ifle of 
Shepey. The docks, garrifons, buildings, See. for a coiifi- 
derablc diftance into the iflaiid, confequently ftand upon very 
loofe materials, which were found, upon finking the well in 
Fort Townffiend, to conlift of mud, fea-beach, and quick- 
fand, nearly to the prefent depth of the river Medway, and 
admit fo ftrong a filtration of falt-water, as muft ever render 
the finking of wells exceedingly difficult. This was the fitua- 
tion in which I found Sheernefs. 

Landguard-Fort was not more eligible refpeding water, as a 
place of ftrength. It was, indeed, better fupplied under any 
other confideration, a pipe being laid into the place from a go6d 
Ipring about two miles difiant, which furniflied a plentiful 
quantity of water ; but fuch is the difadvantage of fituation 
that, in cafe of attack, that fpring muft fall into the pofleffion 
of the enemy, and our garrifon of courfe would be deprived of 
its ufe. This was a ferious confideration and objection to a 
great extent of fortification, however eligible in other refpe^ts 
the place might be. 
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Harwich 




'"CbieF {iiord 

. 1 ^,. ■^' as' .cenftrical to 

,^iC«l^;^taclli|i^t8 for fucii parti", Hil. ooaift' "indlght Bte in 
cover a verjr' 'li&fut 'Kaii^wr' aiiiB IrtCre^ng 
dp^'^yaiM > his, lordfliip was feiidbfc 'bf ihe waht of wholt- 
forae water in that neighbourhood, and gavb particular direc- 
tions to ciiabUft fuch a fupply for thfc cdtnp to be formed 
tiiere, as nn^t appear proper for the health of the troops; 
and the lubfequent orders given by General Rainsford, who 
commanded that diftndt, perfectly anfwered every dhfirable 
end, until good water was found within his camp. The inha- 
bitants of the town of Harwich had chiefly depended on rains 
for their fupply, the wells being in general brackifli from the 
filtration of falt-watcr. The neighbourhood, to many miles 
diftance, was not better furnifhed, there being only ftagnating 
water in ponds or fhallow wells, which were fupplied from the 
upper furface of the ground ; and, whether rendered bad by a 
mixture of copperas, or other mineral, it was not fuch as could 
be g^ven for the xiis of the troops with any degree of prudence 
or attention to their health, and they wercj to avoid dangerous 
confequences, furnifhed with water, by General Rainsfokd’s 
order, from the pppofite fide of the Manningtree River, by 
boats employ^ for that purpofe, the beginning of the firft 
campaign. . , , . , 

I will, now endeavour to deferibe the experiments at each 
place, beginning with the well in Fort Townflicnfl at Sheer- 
nefs, which with a reference to the plans .Will, I hope, render 
tlie fubjed fufi^ently inteili^le. 
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;’i'f'ti^ |Cs^’* ^ernep» ; , , , ; , ;„: 

-rf .* 1 - ' ' I' , ' ' ; ' ' ' ', , ,' 

confidered as a 

Mca^, probability j of fijcccis being much a^inft it ; 1 
iwiWfV^ thpughc tbe attenapt, where a dock-yard pF -great coft* 
fp^pcnce to the navy was eftablith^, fbould be ina'det and car- 
ried as fer as it could, with a proper attention to ce<k>hbm^^ In 
laying out the money of the public. Such was niy opinion 
fi^iided to the Mafter-generaJ and the Board of OrdnanCe.^ I 
rpt^ved an aniwer thereto, expreffive of approbation, and full 
powers to employ proper perfons, and proceed upOn the 

undertaking. ! 

'rhefe previous Heps feemed highly neceflary, as in all works 
of difficulty, great confidence is as much required as able work- 
men or good plans. 

.. ,Xhe favourable opinion his Majefiy was gracioufly plealeiFto 
ftxprcis publicly of the projeft, wlien be vlfited Sheeriiefs, and 
Jirw the well, tendw-d very much towards its final fuccefs ; and 
tlw countenance and fupport of General Craio, governor of 
thjit garrifop, greatly promoted perfeverance Tn a Work of fucH 
difficulty. 

den^loycd a very ingenious nian,. Mr. Cole, enghie-makeri 
of l.aii»etli„ as a chief peribn in this bufiiiefs, and received* 
every affiftance I expefted from his experience and judgement in 
pipchanics^; and ijt is but juftice to him to exprefs, that the fuc* 
5efa of the work greatly depended on his attention and* the able 
affillants, he procured from diftaiit parts of the kingdom. ^ 

Xhe greateft acknowledgement is alfo diie to the ability of 
Ueut. Humfbys, of the Engineers, and Mr. MARSHALt, the 
Orduance-overfcec, who were conftantly on the fpot, and (ar- 
2 tied 




l^fp&ay , imtuai^,rei»rt 5 ^"^ any 
luit^ ^ this nature, as, without an equal attention in 
greaitly. 4qubt.%cefs,..weq, admittiu||^;the 
tee plfB to be Ml all otbor. refpeas j^riai/ attended ^ as 
tbene would be great difficulty and, danger to the lives of th^ 
'woiltrom if 'fiiwkdsiy/carficd oOf' : 

» The wiM'k tjflss begun the 4th of Jwe, *781, and ,%^ed 
the 4th of julyi 178*. f 

A deck of twenty-two fet ffiamoter was firft , marked out 
on the ground, and the %acc excavated to the depth of five 
feet; after which,’ pieces of wood, called ribs, upon the curve 
of a diameter twenty-one feet fi?ur indies, and about nine 
inches fcantling, were? pkped, form a complete drclc within 
the excavated part at the bottoim,, above which other circles 
of the lame nature were placed, and fuppqrted by upright 
pieces of fcantfoigs, having (hort boards intioduced by the in- 
tervals, which afterwards prefled upon the^dreks or ribs, be- 
tween theoa and the. exterior pvts. Thefc> when*, united, 
formed one frame oftwqod .fopqi the bottom to the top, or 
ratiter higher t|»ai| the excayate4;%^» prevented the mud 
of lhe upperfforteiiWhich waxvqiy..fo ffoo? falling m u^n 
the workmen, i, fn pr#ecdmg'd?®P®^* taken to pre- 

yaiK. tbo finking of d»c ihffoterraentioned frame by its own 
U«igh^ jin excavalifig parts only , un^ it biU ,anpther circle of 

pieces i hke thoi fir^ ^ed 4h®» WFights, 

withdtoiudsrbdiiiU,^. m -The dlidlqnc^ between tbef® 

ctfd^s <iim8ilq\tho;foft«^ or upper p^ work, about thfce 

hut as difficulties increafed they were plac^ nearer, and 

C a 
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i mv^nM 

„.. .^. ■ WkM wlkjiifeMf 

; ‘"'^em-fon <3?f tlie "circtrlar'frJlittei' *lkittg hktxS ilt 'fiwao fuMl 
tilin’ ^ife from thti’^iter br iefs^ua^tiigri^ 
WjitCT'tii^ tame through.' the 'Tah3?,'‘Stcj atwJ .often rendered’ k 
to fink under the framie tiii^e thftii the thkilcisere.^of 
orre'id^^ th^ Hbs, without danger of Wowifig up^j o» of .the Jides 
behind the wood flipping with the flreamfiof Water, and thereib3r 
foVfcihg into the bottbra of the well, which in finking tliKuigh 
very wet qiiick-lariji is much to be apprehended j- and an swot* 
dent of that nature would entirely deftroy the work. An at- 
tentioh to the plan will fheW at what depths the filtration of 
w^ter was mofl: dangerous, undthediffiCulties at difieicnt periods, 
in^y be eftimated by the diftaiice' 6f the circles, formed of 
from each dtht:r, and wibbre they appear to join, it was 
iidt Without' fh«4‘ Utmofl: cfFofts' bf labour that the Work could 
b$ carried on. At the depth cif thiity*fix feet the wood* work 
was ifinifhedj and fix f^et de^r a firm foundation of hard blue 
clay 4ifco,^erdd. The‘‘feverdI''partS‘%f the frame werd then 
ftrehgtHened' wherever it appeared neoteflaryi* to prevent fepaiiiM 
tionV and to re^ft the imnSeble‘ pre^re* of’ fhft mud, quitki^ 
fand, and loofe fe-beatb, whicHiWete fupported it. ' . 

* It miift be dbl^ryed, that ‘ the ftiltiWater, lifiter procefecBijg 
thus far, came in Vdry ’ ftfl: tfarc^gh all did joints of the ftajpe* 
aha that hbl^ wetdlefit on purpolb in obrtaui parts to kt it ropi 
inth the well, thyt k raig^t libt' be txfnfiiidd entirely 
botibm of the wOtk, 'Which, from the weight hpon (meitait. 

•• -i ' ■ t 



the,^<;U dry c^iwgK to 

sfeemed to be overcAtpe, The nejctijj^^'s 
. the. f^tTwater ,ou^ ,^ttirely ; tip' efe 
whiche a iQawllef fCKt4« waf 4p%tihed at i^ejtettom of the wd^, 
wpt^difthflir*! e|#y ahieady pjfiBtiotfcd, of , tlie djapacter of eight 
feet ia the deaf, eout>d ^Mch. a pprb, Of circular frame of 
wood, vW'l 4 Kht<#pd ahrK^ ifeening, of t\yo bricjcs thick i» 
tarris, raifc4 gradually toward? the top of, t^ well, wbilft, as 
it profceoded upwards, the fpace between tire hack of this fteeu- 
ing and the wooden frame, (fixed fpct hig^t) was filled witii 
good tempered clay, four^ /eet thick, and carefully rammed. 
During this operation, and railing the brick- work, with the clay 
behind it, the water continued to run over them into the center 
of the well, now reduced to eight feet diameter, and was con- 
ftantly drawn out, to leave the vrorkmen on the fides fufficiently 
dry to rai fc their work until they had reached the top, apd confe« 
quently, as it, was water-tight, cut off the filtration from the 
fea, precautions haying heen ta)ten tp prevent the danger of 
blowitkg at.the htsteotruj, , ^ 

Tire next {proceeding appeared more firaplp,; hut great care 
was Ihll V neofi^ary to avoid, ^dapo^giog ithe foundation of the 
works, already dope, as thp leafit crack might have intro- 
duoodethe lidt-water A fiarailer , circle thap the jafi:, was tJherc- 
fbmjdejSerifeed*, ,an4 phs, . 9 tcles of .^yoo^ r<lif^i4 ;|Qme 

fijot within, others, pf ,thc' :^me,|orm,, 

wemififak m tht^dcfth of eight, fi?et belovv the.hpttoar*. upon 
wh|8li the fevml wdrke'4*«l43f d^crihcd re^cd. After tlris a 





ftfetier. prefiing 

=^»c«(i«>viU .pp«r In 
ftp[««'tWfl.«&g, which 
^/hricks, laW fiparatdy. ahj keyed T^*” 
part df the brick-work by rdngh pKhea '^J^’J'!^’ TLh 
preyent a flipping or lotvermg of the ^ 

Li^t. The work wa. carried on *“'* *“f 

a„y‘* n,ateml difficulty or diSerence in the 

very extraordinary difcovery of a piece of a W at ^ ^ 

ej feet from ffie top of the Welk which is m 

™til the appearance of water at yaB feet itep, by a Ml 

mixture of fmd in the clay, with oozing of 

and at 330 feet deep, upon huring, the whole b^om the 

well blew up, and it was with difficulty the worMn efcaped 

the torrents of water that followed them, which was >niirf 

with a quick-fand that rofe forty feet in the bottom of the we I, 

arwhich height it flill remains.' The water rofe u. fix hi^ 

,80 feet, and in a few days withm right feet of the top of tte 

well. It has iiuce been carefully analyzed ^ a ch^^' ai^ 

found perfcAly g«io^ for eVery purpofc; and, it is prefumed, the 

quantity will be equal to every demand of pubhe and ^iv^ 

tfeat that place, as there has been, ever Gnoe tt wm Grft.^f. 
^ered, aconilant drawing qf ivater, and it has hithertto bm 
foqnd ifophflible tb lower the wd! more than 200 feet* ttww 
has confeqdenti^ always been a depth lift ih water of 13© 

It is to be remained,' that the water is of a foft <iualjty* 
ind, dbon being drawn, has a. de^itee bf warmth u«ittfaal.m 

common 


wheni^' 
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King's ■H'^ells at Landguard-Fort;^ 


They were he^in and finifhed m the year tySa. 

The peculiar fituation of this fort fitadc it very unlikely that 
fprings of frefli-water could ever be ibund-, there being great 
reafon to tliirik; that the oot-faW of tl*e Ipfwkh and Manning- 
tree Rivers, •v’vhich unite before they reach they foa,, was for- 
merly on the Suffolk fide of the fort, but is now on the EHex 
fide j and as the garrifon, in ancient writfogs^ is deferibed to 
Iiave been built on the Andrew’s Sand, there appeared little 
probability of any filtration of water through it, except that of 
the lea. ft, however, foemed proper to try the poflibility of 
finking through it, to endeavour to find ai hard bottom, fimilar 
to that difeovered at Sheemefs, fwfh-water being of vafl conie- 
qnence to the defence of the place. The work was accordingly 
begun ; but about the fame time, in making the excavation of a 
ditch for one of the batteries, at a very fewr feet from the 
upper furfoce of the fatid, a fmall quantity of frefh-water was 
perteived ; and It was chance that lai to a difcpveiy of its 
frelhrids, from duc of the labourers happening to t«fte it. The 
' ' ■ ■'•I . circitmftapce 
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iCMWiawil^tnee W'as'T€|j&fte4)to 'imtfb|r Mr,'RbBERTs»the ,A4juyB||}t 
^ ^ Works; aiv4 we, upoO' examitiing further, found th&t 
' quasi tity of water upon fmklng was confiderable, and that 

'l|t.#ppwed perfetStly fre^. I then ordered the well-fuikers to 
■ proceed to this depth at another place, where they found a 
like appearance of good water ; and the quantity was fo great, 
as to render it verydifficult to keep the bottom of the well, at 
twelve feet deep, dry enough to link further. Every exertion 
was notwithftanding ufed, and with great labour a well was 
funk to the depth of low water mark at Ipring tides, about 
■eighteen feet frons the upper furface of the fand ; when, to the 
furprize of every perfon, the water that rofe from the bottom 
hecame, on a fudden, entirely fait. This put an end to the 
work fora time, as it feemed impoflible to penetrate deeper. I 
then confidered the matter very differently with my firft idea, 
and though the impoflibility of having a deep well clearly 
appeared, there remained a profpefl of a fufficient fupply of 
good ffelh water. It may now be neceflary to recoiled, that 
at a very few feet from the furface (eight feet) there was good 
water; that it continued in vaft quantity almoft to the fpring 
tide low-water-mark, after which the falt-water had appeared ; 
I therefore direded fand to be thrown into the well, to bring it 
a little above what had been the lotveji frejh-uoater line (twelve 
feet from the upper furface) and then drew the water out which 
had mixed. After this, the filtration into the well became again 
perfedly frelh, and in equal quantity to the firft appearance. 
This was, therefore, fixed as the greateft depth (twelve feet) 
and another well funk at forty feet diftance, xvith a horizontal 
brick drain, having holes left in the lides for hltration, as de- 
feribed in the plan, to colled the water, and the bottoms of 
both wells were fecured with liard materials ; that the whole 
4 fupply 
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Supply of water might be reduced to the drain, which is con- 
ftrufted to prevent as much as poflible the mixture of land 
with the water, and is found to anfwer the deiired end. This 
fuccefs arofe from various unexpe^d circumftances ; hut I am 
yet at a lofs for the caufe of the frclh water, or whence it 
comes. 

I conceive, that there is a certain diAancc from the fea, upon 
every fandy Ihore, to which the falt-water penetrates, where it 
is forced whillf the tide is at its greateft height ; and that fuch 
water, when fo far prelled into the fands, has an a£lion back 
towards the lea again, as the tide falls^ and continues to have it 
until another tide makes it revert ; this may account for the 
filtration of falt-water a certain way into a country ; and that 
further, from probably higher furfacesy there may be frelh-watcr 
in the fame continuation of lands, and the feparation difco- 
verable to a degree of great accuracy ; whether this action of 
falt-water in the fand, by friftion. Can render it frelh, or of a 
lefs degree of fait, I will not pretend to judge. I prefume the 
contrary ; but am even under that idea at a lofs to know how 
lo much frelh water gets into the fand at Landguard-Fort, it 
being lb entirely leparated from the fpring of the country. It 
is evident, upon a full confideration of the fubjeft, that the 
fea, to the height of low watery will penetrate a vaft diftance 
into a fandy country, by filtration, and to that height only, it 
having fo far a conftant preflure, and no re-a£llon ; the water, 
therefore, being once in the land, can never return by the lame 
paflage, the caufe of its entrance fiill remaining ; whereas in 
the higher furfaces, the rife and fall of tides mull keep it in 
confiant movement, and the diftance of filtration will bear a 
proportion to the duration of preflure which gave it original 
motion. It is probably not fo eafy to account for a body ot 
VoL. LXXIV, D frelh- 
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frelh-water bdng to tiie depth of twelve feet in the fand, ait^ 
in the* fame line, a few ffeet deeper, the water fhould be en- 
tiirei^ falV,' and that they do not mix together. Whether ths^ 
^reafer fpecMc gravity of the filt-water is fufficient to prevent! 
a mixture with the frefh upon a higher line, I cannot venture 
to fay; but the flift of there being a feparatiou is beyond a 
doubt, and the depths may be afeertained to a degree of 
great accuracy. However this may be accounted for, the 
difcqvery at Landguard-Fort is of very great confequence to 
the garrifon ; and there is reafon to think, that in limilat 
fituatlons, where water is wanted, an attention to what has 
been already explained may be found of vife. 


King's Wells at Harwich. 

They were begun the 6th of May, 1781, upon General 
Rainsfohd’s taking the command at that camp, and finifhed’ 
the 29 th of September following* 

The wells in this neighbourhood, as has already been ob- 
ferved, being very fhallow, and only depending on fprings 
from the upper furfaces of the ground, have but little water in 
the fummer, and the quality of it is very bad. The beft of 
the old wells was in the rear of General Rainstord’s camp, 
and was thought of at firft for the ufe of the troops ; but he 
prudenfly declined that fupply. It was imagined, as the water 
from the upper furface was of a bad quality, that tlie mdft 
likely way to obtain a better fpring was to fink a well from 
higher ground, and to endeavour to penetrate through a rock 
which lay a few yards under the level of the country, although 
the operation might be tedious, upon the chance of cutting a 

fpring 
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fprittg of better water, that might be vinconneded with the 
land-drains. The experiment anfwered in every refpeft, as 
there was not a drop of water found till the rock ha^ been en- 
tirely cut through, when, upon finding a copfiderablc quantity 
of rhoift fand, and boring into it, a plentiful faring was difeo- 
vered, and has fupplied the troops ever fince with very good 
water. It is probable this fupply, the fpring being very power- 
ful, will be found eqUal to every demand for public and pri- 
vate purpofes, in the dryeft feafons. After this iuccefs, as mat- 
ter of ciiriofity, an old well was made deeper, by excavating 
through the rocks, where a good fpring was alfo found ; but 
as chat well had been originally funk from low ground, a great 
deal of the bad water from the upper drains, . &c; mixes with 
it, and gives it a difagreeable tafte. 

The plans will deferibe the manner of making thefe wells 
fufficieritly. I have chiefly dwelt on the deferiptive part, to 
recommend^ where it is apprehended any mineral or drain from 
the up|>er furface of lands, by mixing in wells, ijiay hurt the 
wafer, the finking frona ' the heights, is there are few couh- 
tfJes • where Very good water ‘may not be 'found, by a proper 
attention to locality in making wells. 

VjtPI.ANATION of TlHE PLATES. 

Tab.l. fig. t. ‘Sedion of the King’s Well iii ]Fi:)rtT[ownthcad 
' ' ' at'Shecirnels. ' 

2. Plan of the frame and well. 

3. Section of the frame A A. 

4. Plan of the well. 

Tfab. 11 . X. Line of high-water mark. 

Y. Line of low- water mark. 

Z. Line of low-water 'it Ipring-tides. 
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V. Extras tf a Letter from Edward Pigott, Efq, to M, dt 
Magellan, F. R, S . ; containing the Difcovery of a Comets 


Read November 27, J7^3* 


S 1 K, York, Nov. 2a, 1783. 

I HAVE the pleafure of informing you, that I difcovered a 
comet on the 1 9th inflant, and have made the following 
obfervations on it. 


Date. 

1783 



R. A. 

0 / 

North Dect. 

• / 

Nov 19 

11 15 

- 

41 0 

3 

20 

io 54 

- 

0 

0 

4 3 ® 


Nov. 21. This night I faw the comet where I «xpefledit„ 
according to the above determinations ; but could not obferve it 
with an inftrument. 

The comet looks like a nebula, with a diameter of about 
twa minutes of a degree. The nucleus being very faint, is feen* 
with fome difficulty, when the wires of the inftrument are; 
illuminated. It is not vifible with an opera glafs. 
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VI. ProjeS for a new Dhifon of the S^uadrant, By Charles^ 
Hutton, LL.D. F. F. S. In a Letter to the Rev, Dr,. 
Miiflcelvne, F, R. S. and Jfroncmcr Royal, 


Read November 27, ^7^3* 


DEAR SIR, 


Royal MU. Acad. Woolwich, 
Aog. 12, 1782. 


H aving long fmce thought it would be a meritorious 
and ufeful fervice, to adapt the tables of fines, tangents^ 
and fecants, to equal parts of the radius inftead of to thofe of 
the quadrant; and having frequently mentioned this projedl: to 
you, SIR, as a proper judge and promoter of all ufeful im-- 
provements in fcience ; T now beg leave to lay before you fome 
obfervations I have thrown together on the fubjeft, with a view 
to ftimulate others, either to undertake and calculate fome part 
of fo large and painful a work, or to communicate farther hints 
for the improvement and eafier performance of it. 


1 have the honour to be, &c,. 


S^proieit: 
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A proJcB for confruSling fines ^ tangents, fecants, &c'. to equal 

parts nj the rudnis. 

I. The arhltraiy divifion of the quadrant of the circle into 
equal parts by 6oths, which has been delivered down to us from 
tlic ancients, and gradually extended by fimilar fub-divihens 
by the moderns,' among various ufes, ferves lor trigonometrical 
and other mathennatical operations, by adapting to thofe divi- 
lions of the arq, certain lines exprefl'ed in equal parts of the 
radius, as cltords, fines, tangents, &c. But among all the im- 
provements in this ufeful branch of fciencc, I have lohgwiflie^ 
to fee a fjt of tables of lines, tangents, fecauts, &c. con- 
flruAcd to the arcs of the quadrant as divided into the like, 
equal, pp^'ts of the radius as tipple lines thcmfclves. In this 
natural way, the arcs would not be exprefied' by divlfions of 
6,o^s, in degrees, ipinutcs, ’dec.,; but by the common decimal 
fcaleof numbers j and tbp,,r^al.le,ugtbs,of the arcsj exprefied in 
fuch common numbqrs, would tbpn ftandoppofite their refpedtive. 
fmesj , tangents,,, 5tc, The ufejs, pjf,fuch !an alteiration would 
be many and great> and are top obviQUs; aad .important to need' 
pointing out or enforcing, I have therefore, had for a long 
time a great defire to commence this arduous talk ; but conti- 
nual interruptions have hitherto prevented me from making any 
confiderable progrefs in fo defirable an undertaking. But I am 
not witliout hopes that fome future occafion may prove more 
propitious to my ardent wilhes. It is not, however, to be ex- 
pedled, tliat this work can be accomplilhed by the labours of 
one perfon only ; it will require rather tlie united endeavours 
of many. I lhall therefore explain a few particulars relative to 
my projefl of this work, with a view to obtain from others, 

who 
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vtho may have leifure and abilities for it, their kind ailiflance, 
either by communicating hints of Improv'ements, or by umlcr- 
faklng I'ome part of the computations, to which they may be 
excited by tlieir xcal for the accompliniment of fo important a 
w'ork, and by the extreme facility with which the calculations 
in this way are made. 

2. In the firft place then T would obferve, that I think it 
will he fufficient to print the fmes, tangents, &c. to feveu 
places of figures ; and that therefore it will be neceflary to 
compute them to ten places, in order efFedtually to fecure the 
truth of the feventh place to the neareft unit. 

3. I would aflume the radius equal to 100000, or fuppofe it 
to be divided into 100000 equal parts. Then it is well 
known, that the fcmi-circumfercnce will be ^14.1 ^g'26^^6 
nearly, and confequcntly the quadrant nearly 157071/63268 
of the fame equal parts, which is lefsthan 157080 by -36732, 
or nearly 4 of an unit, or nearer ’=*375, or nearer 
•3636, or ftill nearer / -=:*3684, or flill nearer 4.; =*36666 
&c. And the half quadrant, or 4 of the circle, 78539*81634 
which is lefs than 78540 by only *18366, or nearly 1 only of 
any of the abo-ve-mentioned fractions. 

4. The table may coniift of five or more columns; the firfl 
column to contain the regular arithmetical ferics of arcs differ- 
ingbyunlty, from the beginning, in this manner, ,1, 2, 3, 4, 5, 
&c. up to half the quadrant, the next lefs w'hole number 
being 7^539 5 then for the higher numbers, or thole in the 
latter half quadrant, befides adding i continually, there mufi: 
be at the fiift added the dicimal *63268, which will make all 
the numbers in this half become the exaef. complements of tlic 
firft half, whlcli confihs of whole numbers only ; and thcle 
will be the lengths of the arcs. Or, in order to include the 

2 quadrantal- 
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quadra«1wll »fc 78539*81634, the firft column mey boconti* 
nued up to 78540. The (Wond column to contain the cor- 
refponding degrees, minutes and feconds to the neareA fecond, 
or to tlio true Icconds and decimals of a fecond, for the conve- 
nience of eaiily changing the tables from the one meafure to 
tire other, or to make them anfwer to both methods ; and the 
3d, 4th, 5th, 6cc. coluouis to contain the correlponding lines, 
tangents, iecants, See. 

5. The tables may be dlfpofed as at prefent, namely, conti- 
nuing tliem downwards by the left-hand fide of the pages, as 
far as to the middle of the quadrant, and then returning them 
again backwards and upwards by the right-hand fide of the 
pages. 

6. In this difpofitlon, the numbers on the fame line, the one 

on the left and the other on the right, will be cxa£l: comple- 
ments of each other to a quadrant, and the decimal *63268, lit 
every number in the latter half quadrant, in each page, namely, 
either at the bottom of the column, or length-ways on th*. 
fides of it. I 




7 * A fpeduifia of the firft page of icbe table will thert&rjt 

be this ; ' • • 
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Sin« 8 . 

tang. 

Secants. 

Coke. 

Cotan. 
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j t 
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0 

1 
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3 

4 
&c. 
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• 

80 

« 
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t 

&c. 

96 

98 

99 

00c 

2 

4 

6 

8 

00000*00 

roo 

2*00 

3-00 

4*00 

1 

00000*00 

! 00000*00 

in fin 

1 

infin. 

100000*00 

.jO 0 t 

79 

78 

p 

76 

75 

&<•. 

0 
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0* 
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8. To fill up the fecond column. Since the length of the 
quadrant is 157079*63267948966, and the number of feconds 
in the quadrant is 90 x 60 x 60 = 324000 ; therefore, as 
157079*632 &c. : 324000 :: i : 2*062648062470964 = the 
number of feconds anfwering to each unit in our divifion of the 
quadrant, and which therefore being continually added will 
fill up the fecond column. ' 

9. The number of feconds to be continually added being 2, 
and the decimal *062648062470964, which is nearly equal 
to Tt* for TT is *0625 ; therefore, befides adding 2 every time, 

VoL. LXXIV. E wc 
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we add i" mors at .^v^?ry i6, which wiU n^e 3'' to 

be added at every 1 6th time, and z^' at every other time befides ; 
bnt the &rft time the muil be added wiU be at the arc ot 
©nmber 8, to have them to the nearefl fecond, the repetition 
of the fra<Jiion at the arc 8 amounting to above 1| a fecond^ 
and tliea the 3" muft be added at every 1 6 afterwards, vtz, at 
24, 40, 56, 72, 88, 104, &c. 

lo. But befides the conftant addition of z” every time, and 
of I "more every 16 th time, there muft be r ' more added for 
every 6753 i time, on account of tlie cxcefs of the fraction 
*062648062470964 over the fradlon *0625 or : for that 


excefs is 'ooo 148062470964 which And the eafieft 

method of making this laft addition of i at every 6753 1, will 
be to make the increafe of the i on account of the at an 
unit fooner for every 422 ,1,.; becaufe 16 is 42 2^’^ times con- 
tained in 67531 ; by which means the incremental units for 
the ^V will become i more at that number 6753 1, which laft 
unit may be confidered as the increment of the former incre- 
ment for the and fo proceed up to the quadrant ; which 
will complete the fecond column of arcs to the neareft fecond 
in each number. Or this fecond column may be exaftly com- 
puted to as many decimals as we pleafe, by adding continually 
the 2" and decimals, viz. 2*062648062470964. But at the 
middle of the quadrant, where the numbers return again up- 
wards by the right-hand, there will for once be to be added 
only the feconds and decimals anfwering to the arc *63268, 
viz. 1*30499618 feconds, that number being neceflaiy to make 
the numbers on the right-hand to be the exa6t complements 
of tltofe on the left. Or it will, perhaps, be proper to make 
to the sueareft unit in the 6th place of decitn^s. And >0 

- 4 fill 
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fill up the feiond column to this degree tof accuracy, add con- 
tinually 2-062 648 feconds, but at the pth line add i more, or 
2-062649, becaufe 9 times 062470964 amounts to 56223867, 
or more than half a unit at that place ; and after that add i more 
than 2*062648 at every i6th line, vm at 25, 41, 57, 73, &c. 
becaufe 16 times 062470964 amounts to 99953542 j or nearly 
I, it being only *00046458 lefs than i. And this number 
•00046458, thus added too much, will, in 1 34 times adding 
it, amount to more than 06223867, the excefs of 56223867 
above 5, or half a unit, at that place ; therefore at the line or 
number 2153 (or 9 + 76 x 134) which would be to have the 
I more added, let the i be there omitted, and add it at the 
next line or 2 1 54, the true decimals after the firft fix, for 3 1 53 
being 499985, and for 2154 they are 562456. Continue thus 
always adding i more at every i6th line, except at the fol- 
lowihg numbers, where the i muft be omitted, and added at 
the next following number •, viz. 

2153 10765 19377 27989I36601 45213 53825162437 
4314 1292621538 301 50 38746 47358 5597064582 73194 
6459 1507* 23683 32295 40907 49519I58131 66743 75339 
8620 1 7232 25844 34456 43052I5 1 664160276,68888 77500 

And thus proceed to the middle of the quadrant ; by which 
means all the numbers will be to the neareft unit in the fixth 
or laft place. Alfo, to have a check upon thefe numbers at 
certain intervals, it may be proper to proceed in this manner : 
Firft find every 106th number, by adding its decimal *264806 
&c. verifying them at every 10th ; then find every i6th num- 
ber, by adding continually *002369 &c. which will alfo be 
-checked and verified at every 25th addition by one of the for- 
mer fet of 106, jfor 25 tknes 16 make 400, ufiiig a proper pre- 

E 2 caution 
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caiitioii to preiervfe eafch number true to the uearefl unit hi the 

6lh dir bft decimal. . • 

to the decimals of the nun)ber3 in the latter half of the 
(quadrant, they will be the complements, to i, «f*the corre- 
Ipottding numbers in the fii-ft half; and therefore they may be 
all eafily found by taking each figure from 9, and the laft from 
10. But it will be fafeft to find only every 10th decimal in this 
way, and to fillup the intermediate nine by adding, as before, 
the conftant decimal 06 z 648; by wliich means they wUL ba 
checked and verified at every 1 oth number. 

II. To fill up the third column, or that of fines, as well as 
thofe of tangents and fecants, it may firfi: be obferved, that, 
the old tables of thofe lines to every minute, or even to every ten 
Icconds of the quadrant, cannot be of I0 much ufe as It might 
feem at firft fight ; as the very near coincidence of the num- 
liers in the new and old divifions appear very feldom to happen. 

I find, indeed, that our arc 1309 anfwers nearly to 45 minutes, 
that arc exceeding 45' by only ’00632363 or part of a fe- 
cond nearly, and fo in proportion for their equi multiples. But 
although this degree of coincidence may be fufficient for check- 
ing the correfponding values of the arcs in the firft and fecoiid 
columns, we are not thereby authorifed to confider the fine,, 
tangent, or fecant of 1 309 as accurately equal to that of 45' in. 
all the feven places of figures, but diflering from it by nearly the 
TTT <^f difference correfponding to 1", which is about 
-V of an unit in the fines and tangents, though next to nothing 
in the fecants. This, therefore, although it makes no fenfible 
difference in this particular cale, will caufe. a difference that 
muff not be neglefted in the eqyi-mukiples- of 1309 and 45',, 
ibe fines and tangents of which, will differ by half a unit or 

3 more. 
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aad therefore will not be cxprefled by the fame number, 
but will have fome fmali differgice in the feventh or laft figure. 
And the fame will happen in almoft all the other arcs ; fo that 
generally the lines, &c. which are exafl for the arcs in the 
firft column, will not be quite fo for thofe in thefecond, when 
expreffed in whole feconds only, fince thefe will fometimes 
difier by the part correfponding to almoft half a fecond. How- 
ever, In this, or any other cafe, where the difference is exadly 
known, we may profitably make ufe of the numbers In the 
old tables for conftrufting or verifying thofe of the new, by 
taking in the proportional part of the difference. Let, there- 
fore, all the fines, &c. of every 1309 be computed from the 
old tables, and entered in the new, by adding to the fine, &c. 
of the correfponding multiple of 45' the like multiple of the 
t-'y part of the proportional difference for This will give 
about 1 20 fines, &e. to ferve as a verification of the computa- 
tions by the more general method's. But if thefecond column 
be exadly conftrufled with all its decimal places by the conti- 
nual addition of 2-06264807, the old tables may be converted 
into the new, by allowing for the odd fcconds and decimals.. 
And for this purpofe It will, perhaps, be beft to ufe the large 
table of Rheticus, which contains the fines, tangents, and 
fcconds, to ten places of figures for every 10", and alfo the 
differences. At leaft, fuch fines, &c. may be found in this way 
as have their feconds and decimals well adapted for the pur- 
pofe ; and for fuch as would be found too troublefome in this 
way, recourfe may be had lo fome of the following methods. 

1 2. Let us now examine the expreffions for the fines, See.. 
by infinite ferlcs. 
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The ra^us being i, and ace a, it is wellkobwn that the 




iine w -i* ~ -^Isriap" jJWSf^' 

cofine = I - ^ rh <**- &c. 

tang, -a + «’+ tffj -rilfe «“ &e* 


cotang.=« 


945 




47^5 


9 3 5 5 5 


<3^ &e. 


fecaiit =i +-‘-< 3 *+ 7^4^!'^+ yVo jiTgflo ^“’&c. 

cofec. -«*" + !« +T?o«'+7iTro«'+W^¥o5^’+ 34?^'*’ &«• 

Or the fame faries are thus otherwife expreffed ; 

fine i=a <?'+ — a* - 7-— 4. jL. a? i — a" dec. 

2.3 4.5 6.7- 8.9 10, ii 

cofine = I - a + -^a* — a* + -i- o’" &c. 

2 3'4 S-6 7.8 9. 10 




cotang- i.- fjO’- 


10 


7 10^ ^0 


99 


&c. 


fecant -i + i ^ + 

150 3416 124651 


12 


cofec. ** 0 ^* + 7<>+ + o’ + 4* &c. 

where hy c, e, &c. denote the preceding co- efficients. And 
hence, rtritli the help of the table of the firft ten powers of* 
the firft 100 numbers, in p. 10 1. of my tables of powers pub- 
lifhed- by order of the Board of .Longitude, may be eafily 
found the fines, &c.of all arcs up to 100, by only dividing thofe 
powers by their refpeiftive co-efficients, as alfo of all multiples 
of thefe arcs by 10, 100, &c. by only varying the decimal 
paiitts in the feveral terms, as the figures will be all the fame : 

and 
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ttid tlkU« a of primary fines, tmy be found, to 

check or verify the fame when computed by other methods. By 
this method will be found the fines. See. of the arcs 
1, 10, too, looo, loooo, looooo; 
z.f, ao, SCO, 2000, 20000; 

3, 30, 300, 3000, 30000; 

4, 40, 400, 4000, 40000 ; 

&c. till 

99, 990, 9900, 99000, 990000; 

13. Again, it is evident, that, of the terms in the feries for 
the fine, the firft term a alone will give the fine true to the 
neareftunit in the ninth place in the firfl: 144 fines, or the arc 
and fine will be the fame for nine places as far as the arc 144; 
but they will agree to the nearell unit in the feventh place as 
far as the arc 669 ; after which the fecond tetm of the feries 
muil be included. 

14. When the fecond term is taiken in, thefe two terms 
a a* will give the fines true to the neareft unit in the ninth 
place till the arc becomes 3500. Now the numbers in my 
table of cubes (juft publifbed by order of the Board of Longi- 
tude) extend to 10000, and therefore all the above cubes are 
found in it ; confequently taking the fixth part of thofe cubes, 
and fubtrafting it from the correfponding arcs, the remainders 
will be the fines of thole arcs, as far as till the arc be 3500 : 
after which the third term of the feries may be taken in, or 
other methods may be ufed. 

1 3. But fiiice, for any arc a, this is a general theorem, viz. 
as radius : 2 cof, 4 :: fin. na , ; fin. a - i xa + fin. n + i x a; tak- 
ing 4= I, radius, I ooQo, the fine of a will be i - *0000000000 5. 
and the cofine of a will be 100000 --•000005, and the 

above 
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'above pfo;^rtioft %iU become looooo t 200000- *00001, or 
1*3 -- *0000000001 :: fiu. « : fin. « - i + fin. « '+ 1 ; confc- 

<juently fin. « - i + fin. » + i is = 2 fin. «. ooooooooqi 

iin. », and the fines are in arithmetical progeeffion except 
only for the fmall difference of *0000000001 fm.», hence 
•fin. « + I is = 2 --oooooooooi x fin.«-fin.« - i ; and there- 
fore taking n fucceflively equal to i, 2, 3, 4, &C. the feries 
of lines will be as follows : 

fin. 1 = 1- *0000000000^ ; 
fill. 2 ='2 - *0000000001 X fin. i ; 
fin. 3 = 2- *0000000001 X fin. 2 - fin. i ; 

fin. 4 = 2- *0000000001 X fin. 3 - fin. 2 ; 

fin. S = 2 - *0000000001 x fin. 4 - fin. 3 ; 

&c. 

And by this theorem, viz. fin. « + 1 = 2 - *0000000001 x fin. 
«-fin. «— I, may be eafily filled up the intervals between 
thofe primary numbers mentioned in former articles. 

1 6. In like manner, as mdius : 2 cof. a cof. na *. cof. n-i .a 
4- cof. n + i . a; and hence this theorem, cof. n + i — 
2 'OOOOOOOOOI X cof «- .cof » — 1, by which the cofines 
will be all eafily filled up. And thefe two theorems for the 
fines and cofines are fo eafy and accurate, that we need not 
have recourfe to any other, but only to check and verify thefe at 
certain intervals, as at every looth number, by a proportion from 
Rheticus’s canon, as mentioned at art. 1 1 . or by any other way, 

1 7. The fines and cofines being complcated, the difference 
between the radius and cofine will be the verfed fine ; the dif- 
ference between radius and fine will be the co-verfed fine ; and 
4 the fum of the radius and cofine will be the fup.vcrfed fine. 
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1 8. From the fmes and cofines alio, th« tangents, cotaa* 
gents, fecants, and cofecants, may be made by thefe known 
proportions, vi%. as ' 

f 1. cofine : radius t: fine : tangent, 

2. fine : radius :: cofine : cotangent, 

3. cofine : radius radius : fecant, 

4. fine : radius :: radius : cofecant, 

5. radius : fine :: fecant : tangent, 

•6. radius : cofine " cofecant ; cotangent, 

7. tangent ; radius :: radius : cotangent. 

Wherefore, the reciprocal of the cofine will be the fecant ; the 
reciprocal of the fine, the cofecant ; the quotient of the fine by 
the cofine, the tangent ; and the quotient of the cofine by the 
fine, the cotangent ; or the produd of the fine and fecant will 
be the tangent, and the produft of the cofine and cofecant, 
the cotangent ; or, laftly, the reciprocal of the tangent is the 
cotangent; proper regard being had tC the nurhber of decimals, 
on account of our radius being 100000 inftead of i only. 

And thefe are to be ufed when the application liappens to 
1 m eafier than the general feries, and cafier than by propor- 
tion from Rheticus’s canon. 

But there arc other particular theorems, which, by a little 
addrefs, may be rendered more expeditious than any of the; 
former : thus, 

, 1 9. In any two arcs this is a general proportion, , 

As the difference of their fines : 

to the fum of their fines :: 

fo tangent of half the difference of the arcs ; 

, to tangent of half their fum. 

So that by taking continually the arcs, having the common 
difference 2, the third term of this proportion will be i, and 
the fourth term will be found by dividing the fum of the fines 

T wi\7 • P W 
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Yxy tbok difference^ which dlvlfor or difference will never con* 
fill <rf more than four or five figures* vix. about half thenum- 
hfer of figures that are in the divilbrs mentfoned in the pre-* 
ceding article. 

io. Again, As the difference of the cofines 
to the fum of the cofmes :: 
fo tangent of half their dif^rence : 
to tangent of half their fum. . 

And thus the cotangents will be found by dividing the fum of 
the cofines of two arcs, differing by 2, by their fmall difference., 

21. Alfo the fecant of an arc is equal to the fum of its tan- 
gent and the tangent of half its complement ; and the. cofe- 
cant of an arc is equal to the fum of its cotangent and the tan- 
gent of h?lf the arc ; or half the fum of the tangent and 
cotai^ent is equal to the cofccant of the double arc. From 
wllence the fecants and cofecants will be eafily made. 

22. Thus I have pointed out methods by which the whole 
tables may be readily conft tufted. Should any other ufeful 
mtJthods or improvements occur to any perfon, the communi- 
cation of them to me will be thankfully received. I am now: 
engaged in making feme of the computations ; and it is hoped, 
that the facility of them, with the defireablenefs of the tables, 
will induce fome ingenious lovers of the mathematics to lend 
their aid in perfi>rming fome part of the work. Should any 
fuch be lb Inclined, before he begins, I mull requeft he will be 
pleafed to fignify his intention to me, that I may point out to 
him fuch parts of the work as have not before been performed 
or undertaken, to prevent the chance of lofing his labour hy 
re-computk>g any part$ that may have been already executed 
by myfelf or others. 

5a.'2S?,*^X Hkitos. 
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of the Fixed Stars^ itt confequettie f tie Dirmmtiok tf the 
Velocity of their Ughty m cafe Jueh a Dimnutim fbould be 
found to take place in any of tbentt andfucb other Data fbould ht 
procured from (^fervations, as wfuld be farther necejj'ary for 
that Purpofe. By the Rev. John Michell, B. D. P. R. S. 
In a Letter to Henry Cavendiih, Ef^. F, R. S. ami A. S. 


;Read:N(wenpibcr 27, 1783. 


»«A3t sxk, ThomhUI, 36 , 4^J|. 

T he method, which I mentioned to you when I Was laft 
in London, by which it might jwrhaps be poffible to 
find the diftance, magnitude, and weight of fome of the “fixed 
ftar^, hy means of the diminution of the velocity of their 
light, occurred to me foon after I wrote what is mentioned by 
Dr, Priestley in his Hlftory of Optics, concerning tlie di- 
minution of the velocity of light in confequence of the attrac* 
lion of the fun j but the extreme difficulty, and perhaps im* 
poffibility, of prociiring the Other data neCeffary for this pur- 
pofe appeared to me to be fijeh obje^ons agaiiift the fcheme, 
when l.ftcft thovsght of it, that I g?ye it then no farther confi- 
d«rot^» AsdomeiJate 'ohferY^tM^ns, hb^w&vci:, begin to give 
hs a Ifttle laaom cdMnw of prooucing iionae;At.lje»[l of thole data, 
I thought it would not ‘be amlfs, “that uftronomersdhould be 
apprized of the method, propofe (Which, as far aS I know, 

a has 
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has not been fuggefted by any one elfe) left, for want of being 
aware of the ufe, which may be made of them, they (hould 
tb mdlre th® prt>per obfervation^ -when in their pjwct f 
i^all therefore beg tlie favour of you to prefent tl\e following 
paper on this fobje*^ to the Royal Society. 

I am, &c. 


THE very great number of ftars that have been dilcovered 
to be double, triple, &c. particularly by Mr. Herschel *, if 
we apply the doiftrlne of chances, as I have heretofore done in 
my “ Enquiry into the probable Parallax, &c. of the Fixed 
“ Stars,*' publiftiefd iu the Phllolbphical Tranfafllons for the 
year, 1 767, cannot leave a doubt with any one, who is properly 
aware of the force of' thofe arguments, that by far the greateft 
part, if npt alf of them, are iyftems of ftars fo near to each 
other, as probably to be liable to be afFeflcd fenfibly by their 
■mutual gravitation ; and it is therefore not unlikely, that the 
•periods of the revolutions of Ibme of theft about their princi- 
pals (the fmaller ones being, upon this hypothelis, to be con- 
sidered as fate Hites to the others) may fome time or other be 
difcovered. 

2. .Now the apparent, diameter of any central body, round 
which any other body revolves, together with their apparent 
diftance from each other, and the periodical time of the revolv- 

• See hi# Catalogue of Stars of this kind, publiflied in the Philofophical Trant 
actions for fhe year 1782, which' is indeed a moll valuable prefent to the afirone- 
tnkal world. By' a happy application of very high magnifyiug povters to hla 
telefcopes, and by. a mv& perfevering induftry in oblerviog, he has made a veiy 
wonderful progrefs in thijr branch of altronomy, in which almoft nothing of any 
ctmfeqtience had been done by any one before him, ' ■ . . 

ing 
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iog tiocly beiilg gtvci), the denfity of the %ody will 4 # 

giy<;n likewife. , See Sir Isaac N^wtonVPFu). b. III. pr, vni.' 
CO^. ll . ^ . J ■ ' 

3. But the deufty of auV central body being gtten, and the 
velocity any other body would acquire by falling towards it 
from an inf nite height, or, which is the fame thing, the velo- 
city of a comet revolving in a parabolic orbit, at its lurface, 
being given, the quantity of matter, and conieqtfently - tile 
real magnitude of the central body, would be given likewife. 

4. Let us now fuppofe the particles of light to be attradled 
in the fame manner as all other bodies avlth which we are ac- 
quainted ; that is, by forces bearing the fame pi'oportion to 
their vis inerti/v, of which there can be no realbnable doubt, 
gravitation being, as fir as we know, or have any reafon to 
believe, an univerfal law of nature. Upon this fuppofitioii 
then, if any one of the fixed ftars, whofe denfity was known 
by the above-mentioned means, fhouldbe large enough fenfibly 
to affed the velocity of the light ifluing from it, we (hould 
have the means of knowing its real magnitude, &c. 

5. It has been demon ftra ted by Sir Isaac Newton, In the 
39th propofition of the firft book of his Principia, that if a 
right line be drawn, in the diredion of which a body is urged- 
by any forces whatfoever, and there be ereded at right angles^ 
to that line perpendiculars every where proportional to the 
forces at the points, at which they are ereded refpedively, -the 
velocity acquired by a body beginning to move from reft, in- 
confequence of being lb urged, will always be proportional to 
the fquare root of the area deferibed by the aforefaid perpendi- 
culars. And hence, 

6. If fuch a bpdy, inftead of beginning to move from reft, 
had already fbm’e velocity in the diredion of the fame line,; 

whea 



Ji|r. MfGOSix «» ti» M»ms of i^cwtrihg the 

to be xurgeii by the aforefaid forces, its wloc^ 
'^po^lid thm be always proportboal to the Tq^mare root of the" 
itim or difference of tbs aforefaid area, and another area, whd(e 
i^bare root vfould be proportional to the velocity which the 
b^y had before it began to be fo urged ; that is, to the l^uare< 
root of the fum of thofe areas, if the moti<Mi acquired was in 
the fame direction as the former motion, and the fquare mot of 
the difference, if it was in a contrary diredlion. See cor. z. to 
the abovefaid propofition. 

7. In order to find, by the foregoing propofition, the velo- 
city which a body would acquire by falling towards any other 
central body, according to the common law of gravity, let C ia 
die iigurc (tab. III.) reprefent the centre of the central body, to- 
wards which the failing body is urged, and let CA be a line drawn 
from the point C, extending infinitely towards A. If then the 
line RD be fuppofed to reprefent the force, by which the fal- 
ling body would be urged at any point D, tlie velocity which.it 
would have acquired by falling from an infinite height to the 
place D would be the lame as that which it would acquire Igr 
foiling from D to C with the force RD, the area of the infi- 
nitely extended hyperbolic fpace ADRB, where RD is always 
inverfely proportbnal to the fquare of DC, beii^ equal to the 
ce^fcaagle RC -contained between the lines RD and CD. FrOttt 
hence we may -draw the following corollaries. 

8. Cor. I. Thcfceotcal body DEF remaining the lame, and 
Confefquontly ^hc forces at the fame diftances remaining the 
fome likewile, the areas of «he redlangles RC, rC will always 
be inverfoly as the diftances of the points D, // from C, their 
lides RD, rJ being inverfely in the duplicate ratio of the fides 
CP, Ctf; and tliea:efore, becaufe the velocity of a body folliiig 
foOini) an -iufinke height -towards the point C, is always in the 

fob- 
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^lib^iiupKcate ratio of thefb reftangles, it will be in the fubi* 
duplicate ratio of the lines CD, Cd inverfcly. Accordingly the 
velocitifts of comets revolving in parabolic orbits are always in 
fhe fub-duplicate ratio of their diftances from the fun in- 
verfely ; and the velocities of the planets, at their mean dil* 
tances (being always in a given ratio to the velocity of fuch 
comets, Wa. in the fub-dupJicate ratio of i to a) muft neceffa- 
rily obferve the fame law likewife* 

9. Cor. 2. The magnitude of the central body remaining 
the fame, the velocity of a body falling towards it from an 
infinite height will always be, at the fame diftance from the 
point C, taken any where without the central body, in tlie 
fub-duplicate ratio of its denfky ; for in this cafe the diftance 
Cd will remain the fame, tlw line rd only being increafed or 
diihiniftied in the proportbn of the denfity, and the reftangle 
rC confequently increafed or diminifhed in the fapae proportion. 

to. Cor. 3, The denfity of the central body remaining the 
fame, the vebrity of a body fhUbg towards it from an mfinite 
height will always be as its f^i-diameter, when it arrives at 
the fame proportional diftance from the point C ; for the 
weights, at the furfaces of different fphaeres of the fame denfity 
are as their refpedlive femi*diameters ; and therefore the fides 
RD and CD, or any other ftdes rd and CV, which are in a 
given ratio to thofe femi-diameters, being both increafed or 
diminifhed in the fame proportion, the redlangles RC oir rC 
vvUl be increafed or diroinifhied in the duplicate ratio of the 
femi-diameter CD, and ooufe<piently the velocity in the fimpJp 
ratio, of CD, * 

ii. Cor. 4. If the velocity of a body tailing from an infinite 
he^ht towards different central bodies is the fame, when it ar- 
rives as their furfaces, the denfity of thofe central bodies mnft be 
4 in 
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in the duplicate ratio of their femi-diameters iuvei fely ; for b)' 
the laft cor. the denlity of the central body remaining the 
‘fame, the re£langle RC will be in the duplicate ratio of CD$ 
i« order therefore that the reftangle RC may always remain the 
-lame, the line RD muft be.inverfely, as CD, and confequently 
Ifhe denfity inverfely, as the fquare of CD. 

■ ‘12. Cor. 5. Hence the quantity of matter contained in thofa 
bodies muft be in the fimple -ratio of their femi-diameters di- 
rectly ; for the quantity of matter being always in a ratio coqj- 
pounded of the fimple ratio pf the denfitv, and the triplicate 
ratio of their femi-diameters, if the denlity is in the inverfe 
duplicate ratio of the femi-diameters, this will become the direCt 
triplicate and inverfe duplicate, that is, when the two are com- 
pounded together, the limple ratio of the femi-diameters, 

1 3. The velocity a body would acquire by falling from an in- 
finite height towards the fun, when it arrived at his furface, 
being, as has been faid before in article 3d, the fame with that 
of a comet revolving in a parabolic orbit in the fame place, 
would be about 20,72 times greater than that of the earth in 
its orbit at its mean diftance from the fun ; for the mean dif- 
tance of the earth from the fun, being about 214,64 of the 
fuh’s femidiameters, the velocity of fuch a comet would be 
greater at that diftance than at the diftance of the earth from 
the fun, in the fub-duplicate ratio of 214,64 to i, and the ve- 
locity of tiie comet being likewife greater than that of planets, 
at their mean diftances, in the ftib-duplicate ratio of 2 to i ; 
thefe, when taken together, will, make the fub-duplicate ratio 
of 429, 28 to I, and the fquare root of 429,28 i§ 20,72, very 
nearly, * 


14. The 
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14. The fame rcfult would have been obtained by taking the 
line RD proportional to the force of gravity at the fun’s fur- 
face, and DC equal to his femi-diametcr, and from thence 
computing a velocity, which fhould be proportional to the 
fquare root of the area RC when compared with the fquare 
root of another area, one of whofe fides Ihould be proportional 
to the force of gravity at the furface of the earth ; and the other 
Ihould be, for inftance, equal to 16 feet, t inch, the fpace a 
body would fall through in one lecond of time, in which cafe 
it would acquire a velocity of 32 feet, 2 inches per fecond. 
The velocity thus found compared with the velocity of the 
earth in its orbit, when computed from the fame elements, ne- 
ceflarily gives the fame refult. I have made ufe of this latter 
method of computation upon a former occafion, as may be feeu 
in Dr. Priestley’s Hiftory of Optics, p. 787, &c. but I have 
rather chofen to take the velocity from that of a comet, in the 
article above, on account of its greater fimplicity, and its more 
immediate connexion with the fubjed of this paper. 

15. The velocity of light, exceeding that of the earth in Its 
orbit, when at its mean diftauce from the fun, in the propor- 
tion of about 10.310 to I, if we divide 10.310 by 20,72, the 
quotient 497, in round numbers, will exprefs the number of 
times, which the velocity of light exceeds the velocity a body 
could acquire by falling from an infinite height towards the 
fun, when it arrived at his furface ; and an area whofe fquare 
root Ihould exceed the fquare root of the area RC, where RD 
is fuppofed to reprefent the force of gravity at the furface of 
the luQ, and CD is equal to his femi* diameter, in the fame 
proportioti, muft confequently exceed the area RC in the pro- 
portion of 247.009, the fquare of 497 to i. 

.VoL. LXXIV. G 16. Hence 
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i6i Het^ce, according to article io, if the feml-diameter of 
aiphaete of the fame denhty with the fun were to exceed that 
thi fhn in the proportion of 500 to i, a body falling from att 
hafinite height towards It, would have acquired at its furface a 
greater velocity than that of light, and confequently, fup- 
poling light to be attracted by the fame force in proportion to 
its vis inerti®, with other bodies, all light emitted from fuch a 
body would be made to return towards it, by its own proper 
gravity. 

1 7. But if the femi-diameter of a Iphaere, of the fame den- 
fity with the fun, was of any other fize lefs than 497 times 
that of the fun, though the velocity of the light emitted from 
fuch a body, would never be wholly deftroyed, yet would it 
always fuffer fome diminution, more or lefs, according to the 
magnitude of the faid fphaere ; and the quantity of this diminu- 
tion may be eafily found in the following manner : Suppofe S 
to reprefent the femi-dlameter of the fun, and aS to rcprelent 
the feini-diameter of the propofed fphaere ; then, as appears 
from what has been Ihewn before, the fquare root of the dif- 
ference between the fquare of 497 S and the fquare of aS will 
be always proportional to the ultimately remaining velocity, 
after it has fuffered all the diminution, it can poflibly fuffer 
from this caufe ; and confequently the difference between the 
whole velocity of light, and the remaining velocity, as found 
above, will be the diminution of ks velocity. And hence the 
diminution of the velocity of light emitted from the fun, on 
account of it’s gravitation towards that body, will be fome- 
wbat lefs than a 494.ooodth part of the velocity which it 
would have had if no fuch diminution had taken place ; for 
the fquare of 497 being 247.009, and the fquare of i being i, 
the diminutson of the velocity will he the difference between 
2 the 
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fquare.root of 247-009, and the fquare root of 247.008, 
which amounts, as above, to fomewhat kfs than one 474.000th 
part of the whole quantity.' 

18. The fame cffeffs would likewife take place, according 
to article ir, if the femi-diameters were dilVercnt from t hoi c 
mentioned in the two laft articles, provided tlie deniity wes 
greater or lefs in the duplicate ratio of thofe ferai-diameters in- 
verfclv. 

19. The better to illuftrate this matter, it may not be amiis 
to take a particular example. Let us fuppofe then, that it 
fhould appear from obfervations made upon feme one of thofe 
double flats above alluded to, that one of the two performed 
its revolution round the other in 64 years, and that the central 
one was of the fame denfity with the fun, which it muft be, 
if its apparent diameter, when feen from the other body, was 
the fame as the apparent diameter of the fun would be if feen 
from a planet revolving round him in the fame period : let us 
further fuppofe, that the velocity of the light of the central 
body was found to be lefs than that of the fun, or other flars 
whofe magnitude was not fufficient to affefl it fenfibly, in the 
proportion of 19 to 20. In this cafe then, according to arti- 
cle 1 7, the fquare root of 247.009 SS mufl be to the fquare root 
of the difference between 247.009 SS and aaSS as 20 to 19. 
But the fquares of 20 and 19 being 40<j and 361, the quantity 
247.009 SS mjuft therefore be to the difference between this 
quantity and aaSS in the fame proportion, that is as 247.009 to 
222.925,62 ; and aaSS muft confequently be equal to 24.083, 
38 SS, whofe Iquare root 155,2 S yearly, or, in round num- 
bers, 155 time? the diameter of the fun, will be the diameter 
•f the central ftar fought. 


G* 
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to. As tile fquares of the periodical times of 'bodifis, revolvv 
ing round a central body, are always proportional to the cubes 
of their mean diftances, the diflance of the two bodies from 
each other muft therefore, upon the foregoing fuppohtions, be 
lixteen times greater in proportion to the diameter of the central 
body, than the diftance of the earth from the fun in proportion 
to his diameter ; and that diameter being already found to be 
alfo greater than that of the fun in the proportion of 155,2 to i, 
this diftance will confequently be greater than that of the earth 
and fun from each other in the proportion of 16 times 155,2, 
that is 2483,2 to I. 

21. Let us farther fuppofe, that from the oblervations, the 
greateft diftance of the two ftars in queftion appeared to be 
only one fecond; we muft then multiply the number 2483,2 
by 206.264,8, the number of feconds in the radius of a circle, 
and the produift 512.196.750 will fhew the number of times 
which fuch a ftar’s diftance from us muft exceed that of the fun. 
The quantity of matter contained in fuch a ftar would be 
155,2’ or 3.738.308 times as much as that contained in the 
fun ; its light, fuppofing the fun’s light to take up 8'. f'i in 
coming to the earth, would, with its common velocity, require 
7.900 years to arrive at us, and 395 years more on account of 
the diminution of that velocity ; and fuppofing fuch a ftar to 
be equally luminous with the fun, it would ftill be very fuf- 
ficiently vifible, I apprehend, to the naked eye, notwithftand- 
ing its immenfe diftance. 

22. In the elements which I have employed in the above com- 
putations, I have fuppoled the diameter of the central ftar to 
have been obferved, in order to afeertain its denfity, which 
cannot be known without it ; but the diameter of luch a ftar is 

much 


5 
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much too fnjdl to be obferved by any telefcopes yet exifting, 
or any that it is probibly In the power of human abilities to 
make ; for the apparent diameter of the central ftar, if of the 
fame denfity with the fun, when feen from another body, 
which would revolve round it in 64 years, would be only the 
171-th part of the diftance of thofe bodies from each other, as 
will appear from multiplying 107,32, the number of times the 
fun’s diameter is contained in his diftance from the earth, by 1 6, 
the greater proportional diftance of the revolving body, cor* 
refpouding to 64 years inftead of i. Now the 1717th part of a 
fccond muft be magnified 309.060 times in order to give it an 
apparent diameter of three minutes ; and three minutes, if the 
telefcopes were mathematically perfcfl, and there was no want 
of dlftinfilnefs in the air, would be but a very fraall matter to 
judge of*. 

23. But 

* InMr.HtRscHiiT/s Obfervations upon the Fixed Star? abovcmcntloned, atnioll 
all of them arc reprefented as appearing with a well-defined round dife. That thi$ 
is not the real dife, but only an optical appearance, occafioncd perhaps by the 
conftitution of the eye, when the pencil, by which objeiSls are feen, is fo exceed- 
ingly fmall as thofe which he employed upon this occafion, is very rnanifefl:, from 
the obfervations ihcmfelvcs, of vshich indeed Mr* Herschel feems to be himfelf 
fufficiently aware : if it were not fa, the intenlity of the light of thefe flats muft 
cither be exceedingly inferior indeed to that of the fun, or they muft be immenfely 
larger, otherwife they mufl have a very fcnfiblc parallax ; for the fun, if removed 
to 10.000*000 times his prefent diftance, would ftill, I apprehend, be of about 
the brightnefs of the liars of the lixth magnitucki ; in which cafe he muft be nuig* 
niiied i.ooo.ooo times to make his apparent dife of any fenfible magnitude; or, 
on the other hand, if be was only removed to a thoufandth part of that diftance, 
then he iiouft be Icfs luminous in the proportion of r *000.000 to i, to make him 
appear no brighter than a ftar of the fixth magnitude. Now the ftm^s diameter 
being contained nearly 115 times in the diameter of the carth*s orbit, the annual 
parallax therefore of filch a body in that cafe, if it was placed in the pole of tho 

ecliptic^ 
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23. But though there is not the leafl probatMiity that this 
iidlement, fo elTential to be known, in order to determine with 
;precinon the exadl: diftance and magnitude of a ftar, can ever be 
'(Obtained, where it is in the fame circumftances, or nearly the 
fame, with thofe above fuppofed, yet the other elements, fuch 
as perliaps may be obtained, are fufficlent to determine thedif- 
tauce, &c. with a good deal of probability, witliin forne mode- 
rate limits ; for in whatever ratio the real diftance of the two 
ftars may be greater or lefs than the diftance fuppofed, the den- 
fity of the central ftar rauft be greater or lefs in the ftxth 
power of that ratio inverfely ; for the periodic time of the re- 
volving body being given, the quantity of matter contained in 
the central body muft be as the cube of their diftance from each 
other. See Sir I. Newton’s Prin. b. 3d. pr. 8th. cor 3d. But 
the quantity of matter In different bodies, at whofe ftirfaces tlic 
velocity acquired by falling from an infinite height is the fame, 
muft be, according to art. i z, diredtiy as their femi-diameters ; 
the femi-diameters therefore of fuch bodies muft be in the tri*- 
plicate ratio of the diftance of the revolving body •, and confe- 
■quently their denfities, by art. 1 1 , being in the inverfe dupli- 
cate ratio of their femi-diameters, muft be in the inverfe lex- 
tupUcate ratio of the diftance of the revolving body. Hence 
if the real diftance ftiould be greater or lefs than that fuppofed, 
in the proportion of two or three to one, the denfity of the cen- 
tral body muft be lefs or greater, in the firft cafe, in the pro- 
portion of 64, or in the latter of 729 to i. 

'ecjjptk:, TCoaid l?e timei its apparent diameter ; and as the bright ftar in 
Lyri appeared to Mr. Hirscbei. about a thir-d part of afecond in diameter, if this 
, WM its real dife, and it was no bigger than the fun, it would confcquently hare 
an annual parallax in the pole of the ecliptic of about 73", 


24. There 
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24. There is allb another circumftance, from which perhaps 
fome little additional probability might be derived, with regard 
to the real diftaiice of a ftar, fuch as that we have fuppafecl ; 
but itpon which however, it muft be acknowledged, that no 
great ftrefs can be laid, unlefs we had fome better analogy to go 
upon than we have at prefent. The circumftance I mean is the 
greater fpecific brightnefs which fuch a ftar muft have, in pro- 
portion as the real diftance is lefs than that fuppofed, and vice 
versd ; fince, in order that the ftar may appear equally luminous, 
its fpecific brightnefs muft be as the fourth power of its diftance 
inverfely ; for the diameter of the central ftar being as the 
cube of the diftance between that and the revolving ftar, and 
their diftance from the earth being in the limple ratio of their 
diftance from each other, the apparent diameter of the central 
ftar muft be as the fquare of its real diftance from the earth, 
and confequently, the fwfiice of a fpha;re being as the fquare of 
its diameter, the area of the apparent dife of fuch a ftar muft 
be as the fourth power of its diftance from the earth ; but in 
whatever ratio the apparent dife of the ftar is greater or lefs, 
in the fame ratio inverfely muft be the intenfity of its light, 
in order to make it appear equally luminous. Hence, if its real 
diftance fhould be greater or lefs than that fuppofed in the pro- 
portion of 2 or 3 to 1 , the intenfity of its light muft be lefs or 
greater, in the firft cafe, in the proportion of 1 6, or, in the 
latter of 8 1 to i . 

25. According to Monf.BoUGUER (fee hisTralte d’Optique) 
the brightnefs of the fun exceeds that of a wax candle in no 
lefs a proportion than that of 8000 to i. If therefore the bright- 
nefs of any of the fixed ftars ftiould not exceed that of our com- 
mon candles, which, as being 'fomething lefs lummous than 

t w'ax, 
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wax, we will fuppofe in round numbers to be only one 
jo.ooodtb part as bright as the fun, fuch a ftsr would not he 
v^ble at more than an loodth part of the diftance, at which 
it |vould be vifible, if it was as bright as the fun. Now be- 
Caufe the fun would dill appear, I apprehend, as luminous, as 
the flat Sirius, when removed to 400.COO times his prefent 
diftance, luch a body, if no brighter than our common candles, 
would only appear equally luminous with that ftar at 4000 
times the diftance of tlie fun, and we might then begin to be 
able, with the bed telefcopes, to didingullh fome fenfible ap- 
parent diameter of it ; but the apparent diameters of the dars 
of the lefs magnitudes would dill be too fmall to be dldinguidi- 
ablc even with our bed telefcopes, unlefs they were yet a good 
deal lefs luminous, which may poffibly however be the cafe 
with fome of them ; for, though we have indeed very dight 
grounds to go upon with regard to the fpecihe brightnefs of the 
fixed dars compared with tliat of the fun at prefent, and can 
therefore only form very uncertain and random conjedfures 
concerning it, yet from the Infinite variety w’hich wc find in 
the works of the creation, it is not unreafonable to fufpefS:, 
that very podibly fome of the fixed dars may have fo little na- 
tural brightnefs in proportion to their magnitude, as to admit 
of their diameters having fome fenfible apparent fi/c, when 
they fhall come to be more carefully examined, and with larger 
and better telefcopes than have been hitlicrto in common ufe. 

26. With regard to the fun, we know that his whole fur- 
face is extremely luminous, a very fmall and temporary inter- 
ruption fometimes from a few fpots only excepted. This uni- 
verfal and exceffive brightnefs of the whole furface is probably 
owing to an atmofphaere, which being luminous throughout, 

and 
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f&hse' trtaiiner as the light of a great number of candles would 
do, if they were placed one behind* another, and their flames 
were fufficiently tranfparent to permit the light of the more 
diftant ones to pafs through thofe that were nearer, without 
any interruption. 

27. How hr the fame conftitution may take place in the 
fixed ftars we don’t know ; probably however it may do fo in 
many ; but there are fome appearances with regard to a few of 
fliem, which feem to make it probable, that it does not do lb 
univerfally. Now, if I am right in fuppofing the light of 
the fun to proceed from a luminous atmolphaere, which muft 
neceflarlly diffufe itfelf equally over the whole furfiicc, and I 
think there can be very little doubt that this is really the cale, 
this conftitution cannot well take place in thofe ftars, which 
are in fotae degree periodically more and lefs luminous, fuch 
as that in Collo Ceti, &c. It is alfo not very improbable, that 
there is fome difference from that of the fun, in the conftitution 
of thofe ftars, which have fometimes appeared and fometimes 
difappeared, of which that in the conftellation of Caffiopeia is a 
notable inftance. And if thofe conje<fturcs are well founded 
which have been formed by feme philofophers concerning ftars 
<jf thefe kinds, that they are not wholly luminous, or at leaft' 
■not conftantly fo, but that all, or by far the greateft part of 
their furfaces is fubjedl to confiderable changes, fonaetimes be- 
coniing luminous, and at other linies being extinguilhed; it is 
amon^ the ftars :of this fort, that we are moft likely to meet 
with inftances of a feufible apparent diameter, their lighf being 
much more likely not to be fo great in proportloji as that of 
tlie fun,' which, if removed to four hundred thoufand times 
V01..LXXIV. H his 
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Iappwi»a^» a? bright at 
^i]|ii^ ia| have oj>ietved above ; whereas it is ha|th:y to be^ 
with an^ tekicopes whatfoever, that we &ould evec be 
t0 di{Hoguilh a well de&:ied difc of aoy body of the - 
with the fua at much more than ten thottiand times hi^ 
dift^ttce. 

28. Hence the greateft diftance at which it would be poflibie, 
to di^nguiih any fenfible apparent diameter of a body as denfe 
as the fun cannot well greatly exceed five hundred times tea 
thouland, that is, five million times the diftance of the fun ; 
for if the diameter of fuch a body was not lefs than five hun«» 
dred times that of the fun, its Hght, as has been fticwn above, 
in art. 16. could netver arrive at us. 

29, If there Ihould really exift in nature any bodies, whofe 

denfity is not lefs than that of the fun, and whofe diameters arc. 
more than 500 times the diameter of the fun, fince their 
%ht could not arrive at us; or if there Ihould exift any other 
bodies of a fomewhat ftnaller fize, which are not naturally lu- 
mmous ; of the exiftence of bodies under either of theft cir' 
cumftances, we could have no information from- fight; yet, if 
any ctf her lamtnous bodies ftiould happen to revolve about them 
we might ftill perhaps from the motions of theft revolving 
bodies inftr the exiftence of the central ones with lome degtee 
of pidsability, as might alftrd a clue tofome of the ap- 
potent irregohuities of the revolving bodies, which w(Mild not 
be eafily explicable oti. bypothefis ; >but as the con^' 

ftquentes of fuch »;^i^pofitioa are very obvbus, and the 
c^fideretion of themibraewhat befide my ^preftint I 

iSudl not profecute them my^rther. 


30. Thfr 



” 30: *ftie ^Ifitotion '(£ tile Vftlodty ^f ' l%iit, in tiaifevit 
|!KniM'b& Mali td take place in any bf tlie i%eA ibrs» is thi 
i^tlpal phs^otnenon niiettoe it is j»npofiNi to difcover their 
^ftarice, & 3 C. Now the means by which we may find what 
this diminution amounts to, leems to be fitpplied by the dijfi. 
ference which would be occafioned* in confequence of it, in the 
refrangibility of the light, whofi? velocity ihould be fb dimi- 
mini^ed. For let us fuppofe with Sir Isaac Newton (fee 
his Optics, prop. vi. paragr. 4 and 5) that the refradfiod 
of light is occalioned by a certain force impelKng k to- 
wards the refradling medium, an hypothefis which perfc^- 
ly accounts for all the appearances. Upon this hypothcfis 
the velocity of light in any medium, in whatever diredion it 
falls upon it, will always bear a given ratio to the velocity it 
had before it fell upon it, and the fines of incidence and re*. 
fradllon will, in confequence of this, bear the fame ratio to 
each other with thefe velocities inverfely. Thus, according to 
this hypothefis, if the fines of the angles of incidence and 
Tcfra^ion, when light palies out of air into glafs, are in the 
ratio of 31 to 20, the velocity of light in the glafs muft be to 
its velocity in air in the fame proportion of 3! to so. But be- 
caufe the areas, reprefcnting the forces generating thefe veloci- 
ties, are as the Iquares of the Velocities, fee art. 5. and 6. thefe 
areas muft be to each other as 961 to 400. And if 400 repre- 
fents the area Which correfponds to the force pnwlucing the ori- 
ginal velocity of light, 561, the dilfereiicc between 961 and 
400, muft re^fent the area cdntefpondmg to the additional 
force, by whi^ the light was aceeletated at the furface df the 
glafs. 

31. In art. 19, Ibppofedi by Way of cxatn^e, the velo- 
4 ty of the lighllif ‘fetthe bak^lat ftar tohc dindinffliedin the 
' Ha rati^ 
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j^e velwciQ^^ 19* was ^licrefare propeiljr ifpM 

of ;be area, that iliould reprefcnt tl^. force thfti;: 
SppW' fbe neraflary to generate the whole velocity of light, 
.^^Fftundimiuifli^ If then we add 561, the area reprefent- 
jog the force by «fhich the light is accelerated at the furface of 
the.glafs, to j6i, the area reprefeuting the force which would 
have .generated the diraiuilhed velocity of the liar’s light, the 
fqaare root of 922, their fum, will reprefent the vebcity of 
the hght with the dimlnilhed velocity, after it has entered the 
glafs. And the fquare root,of 922 being 3,0,364, the fines of 
incidence and refr^ion of fuch light out of air into glafs will 
confeqpeiuly be as -30,364 to 19, or what is equal to it, as 
34, 96 to ap inftcad of 31 to 20, the ratio of the fines of inci- 
dence, and refradlion, when the light enters the glafs with its 
velocity uudlminlflied. 

j2- From hence a prifm, with a fmall refrafting angle,, 
might perhaps be found to be no, very inconvenient inftrument 
for this purpofe ; for by fuch a prifm, whofe rcfradling angle 
wa« of one minute, for inftance, the light with its velocity 
utadimittiflied would be turned out of its way 33", and with 
the diminiihed velocity 35", 88 nearly, the difference between 
which being almoft 2". 53"'', would be the quantity by which, 
the light, whole velocity was dxminilhed, would be turned out 
of its- way more than that whole velocity was undiminilhed. 

33. Let us no-w be fuppofcd to make ufebf fuch a prifin to 
at twoihrs, under the l^me circumftances as the two ftara 
in the example above-mentioned, the central one of which 
:^uld be large enough to diminilh the velocity of its light one 
twffljieth part, lyhilft thp vdipchy of t|>c light of t^ other,^ 
j !-; . , > which 



ffhick;W»§>fyti^fci ro r«wrfi», About it 4 f a fettJlitc, for wm^ 
o| jTfffieient magnltu^ iu th<; bod^ froit) wliieiaice it was ctioit^ 
ti^« IbpuW fiiffer no feufiUie^diminutiou at all, , placing then 
the line, in which the two facies of tlie ptiftw would interfeft 
each other, at right angles to a line joining the two ftars-; if 
the thinner part of the prifm lay towards the fame point of the 
heavens with the central ftar, whofe light would be moft turned 
out of its way, the apparent diftance of the ftars would be ia- 
creafed a". 53'" and conlequeotly become 3'', 53'" inftead of i''. 
only, the apparent diftance fuppofed above in art, z i. On the 
contrary, if the prifm fhould. be turned half way round, aird 
its thinner part lyetowardp the fiune point of the heavens.witli 
the revolving ftar, their diftance inuft be diminilhed by- a like 
quantity, and the central ftar therefore would appear 53''" dif-r 
tan t from the other on the oppolite iide of it, having, been removed 
from, its place near three times the whole diflance between them* 

34. As a prifm might be made ufo of fonthis-purpoie, which 
fhould have a much larger refcadtiug angle than that we h^vc 
propofed, efpeelally if it was confbrufted in. the achromatic 
wajr, according to Mr. dollond’s principles, not only fuch a 
dirhinution,. as one part in. twenty, might, be made fUU more 
diftinguifhable:; but we might probably be able to difeover. 
confiderably lefs, diminutions in the velocity of light, as per- 
haps a hundredth, a twp*hundredthr a five-hundredth, or evens 
af thoufandth. pAtt of the, whole,, which^ according to what 
has been faid above, would be occafioned by fphseres, whofe 
diameters fho^d be to that of the -fun, provided they were of 
the fame denfity,. ia .the Several j^roportions nearly of yo,, 50<.. 
30, and 2 2 to.i.nsfpefSlively, 

35, If fuch A dinfinutipn of the vclociity of light, as that 
above fuppof^j jjGhc^ld, he. foiaud.,t^% to, take pla(^^ in confe- 

qence; 
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HfMi th<De ^icvald be i^eral ef the fixed fiars hrgt 
to make it fiafficfeatly fenfible, a fct of oblervatkihi 
this fabjed; might probably give us fome' cotifiderabie hk* 
lormatibn with regard to many circamilances of that part of 
the ttnivCTfe, which is vifible to us. The quanrity of matter 
ifeoritained in many of the fixed liars might from hence be judged 
of, with a great degree of probability, within lome moderate 
limits; for though the exad quantity mull ftill depend upon 
their dewfity, yet we mull fuppofe the denfity moll enormoufly 
difierent from that of the Am, and more fo, indeed, than one 
•can eafily conceive to take place in fai^, to make the error of 
the fuppofed quantity of matter very wide of the truth, lince 
the denfity, aahas been Ihewn above in art. ii. and 12. which 
is necefiEtry to produce the fame diminutibn in the vdbehy of 
ligbtj omitted from different bodies, is as the fquare of the 
jqjJantity ©f matter contained in thofc bodbs inverfely. 

3f6. But though we might polfibly from hence form Ibtae 
vcafonable guefs at the quantity of matter contained in feveral 
•of the foccd^ ftirs; yet, if they have no luminous fatellites 
iri?vtrlv.mg about them, we foall Hill be at a lofs to form any 
ptdbabie ^odgtnttit of their diftance, unlefs we had fome ana- 
log to gwuiNShfor their ^ecific brightnefs, or had fome other 
means -©f tfifcoverihg it; rficre is, however, a cafe that may 
poffibly occur, ‘whidi may tend to throw fome light upon this 
(matter.* • ; ' .. . > 

jy. I have foevmln aflpy Enquiry into the probable Parallax, 
jfitc; of the Fixed Stars, publilbed in the Philolb|^ical Tranf- 
aiftions for the year 1767, the extremely great pn^ability there 
it, that many of the fixed ’ftars are colleded t^ether into 
gtyiptf and that Pfeiwi&s Itf panicular cotxlhtv^ one of 
‘ ' thefe 



isc. fjf 

f|^f>8< i-Now of the wych we there fee collefied 
together, it is highly prob3^>le, as 1 have M>ferved in that paper, 
t hat there Is not one in a hundred which docs not belong to the 
grdupitfelf; and by far thegreateft part, therefore, according 
to the fame idea, moft Jye within a Iphaere, a great cirde of 
which is of the fame fize with a circle, which appears to us 
to include the whole group. If we fopjjofe, therefore, this^ 
circle to be about z°. in diameter, and confequently only about 
a thirtieth part of the diftauce at which it is feen, we may 
conclude, with the higbeft degree of proliability,. that by far 
the greateft part of thele ftars do not differ in their diflances- 
from the fun by more than about one part in thirty, and from 
thence deduce a fort of fcale of the proportion of the light 
which is produced by different ftars of the fame group or fyfteHV 
in the Pleiades at leaft ; and, by a fomewhat probable analogy, 
we may do the fame m dher iyftems likewife. But having 
yet no means of knowing their real diftance, or fpecific bright- 
nefs, when compared either with the fun or with one another, 
we fhall ftiU want fomething more to form a farther judgment 
from. 

38:. If, however, it ftrauld be found, that amongft the 
Pleiades, or any other like fyftem, there are Ibmc ftars that are 
double, triple, &q, of which one is a larger central body, with 
one or rmre fatelUtes revolving about it, and the central body 
Ihould likewife be found to dtnunifti the velocity of its light 
and more efpecially,. if there ihould be ieveral fuch inftances 
met with in the fame fyftem ; we ftiould then begin to have a 
kind of meafore of the di^noe of fuch a fyftem of ft^rs 
fifom the earth, and of their mutual diftairces from each other^ 
And if feveral inftances of this kind (hould occur in different 
gfoops OE ftar% we ought aUb, perhaps, begin tex 

: . • fornaa 



"forA- 'fiats' 'probsiMe 't56iije0'l3i%s'<Atermbg'tHe‘'fpcc}Ijt 

of the illrs thCMfelvcfi, cljsdtyiy if thete 
iftiioSiSi %e found any general anali^ between the quantity of 
, !life'‘^jj(ninution of the light and the diftahee of the fyftem de» 
liuced flrom k ; as, for ihftauce, if thofe ftars, which had the 
. gitateft efFeO: in diminifhing the velocity of light fliould in 
general give a' greater diftance to the lyflem, vvhen fuppofed to 
he of the fame denfity with the fun, we might then naturally 
conclude &om thence, that they arc lefs in bulk, and of 
greater fpeclfic denfity, than thofe ftars which diminifli the ve- 
locity of light lefs, and vke vfr/d. In like manner, if the 
larger ftars were to give us in general a greater or lefs quan- 
toty of light in proportion to their bulk, this would give us a 
kind of analogy, from whence we might perhaps form feme 
judgment of the fpeclfic brightnefs of the ftars in general; 
but, at all adventures, we ftiould have a pretty tolerable mca- 
fure of the com|)aratlve brightnefs of the fun and thofe ftars, 
upon which fuch obfervatiotis ihould be made, if the refult of 
them ftiould turn out agreeable to the ideas above explained. 

39. Though it is not improbable, that a few years rnay In- 
ftarih us, that feme of the great number of douWe, triple ftars, 
&c. which have been obferved by Mr. Herschel, are fyftems 
of bddies revolving abpjit each other, efpecially if a few more 
obfervears, equally ingenious and induftrbus with himfelf could 
be found to fecond his labours'; yet the very great diftance at 
which it is not unlikely ^any of the fecondary ftars may be 
placed ftom their principals, and the confequeotly very long 
periods of their revolutions ♦, leave very little room to hope 

that 

* if the Am, when removed to lo.ooo ooo timet hit prefent diAance, would 
all appear as bright a> a Air of tke fixth tsagnithde, which 1 a^rehbnd th'bot 

pmtty 



Diytawe^ Magnitude^ See. of the Fixed Slarsy Sec. 57 

tliat any very great progrefs can be made in this fubje£l for 
many years, or perhaps fome ages to come ; the above outlines, 
therefore, of the ufe that may be made of the obfervations 
upon the double ftars, &c. provided the particles of light 
fhould be fuLye<51: to the fame law of gravitation with other 
bodies, as In all probability they arc, and provided alfo that 
fome of the ftars Ihould be large enough fenfibly to diminifli 
their velocity, will, I hope, be an inducement to thofe, who 
may have it in their power, to make thefe obfervations for the 
benefit of future generations at leaft, how little advantage 
foever we may exped from them ourfelves ; and yet very pof- 
fibly fome obforvations of this fort, and fuch as may be made 
in a few years, may not only be fufficient to do fomething, even 
at prefent, but alfo to (hew, that much more may be done 
hereafter, when the(e obfervations (hall become more numerous, 
and have been continued for a longer period of years. 

pretty near the tr\ith, any fatcllUc revolving round fuch a flar, provided the flar 
was not either of Icfs fpecific brightnefs, or of greater dcnfity than the fun, 
muft, if it appeared at its greateff elongation, at the diftance of one fecond only 
from its principal, be between three and four hundred ^3’ears in performing one 
revolution ; and the time of the revolution of the very fmall ftar near a Lyrce, if 
it is afatcllitc to this latter, and its principal is of the fame fpecific brightnef* and 
dcnfity with the fun, could hardly be Icfs than eight hundred years, though 37" 
the dtfiance at which it is placed from it, according to Mr. Herschbi/s obfer- 
vations, ibould happen to be its greateft diftancc. Thefe periodical times, 
however, arc computed from the above diftanccs, upon the fuppofition of the 
liar, that revolves as a fatcllitc, being very much fmallcr than the cential one, fo 
as not to difturb its place fenfibly; for if the two ftars fliould contain equal, or 
nearly equal, quantities of matter, the periodical times might be fomewhat Icfs, on 
account of their revolving about their common centre of gravity, in circles of 
little more than half as great a diameter as that in which the fatcllitc miifi revolve 
upon the other fuppofition. 
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VIII. A Meteorological Journal for the Tear 17?!, hft aP 
Mliiehead, in Somerfetfliire. By Mr, John Atkins ; contf 
mmkated by Sir Jofeph Banks, Bart, P. R. S, 


Read January 1 5, 

S r H, Minehead, March 27, •785-- 

T H<E numberlefs philolbphical difcoverics and meteorolo- 
gical journals which I find have been addrefled to you,, 
as being a gentleman whofe great abilities have raifed you to 
the htgheft pitch of grandeur in the philofophical world, and 
whicli, 1 find, have been treated witli the greateft candour and, 
rofpeft, and publilhed under your diredion for the improvement 
of fcientific knowledge, make me prefume (though an unknown,, 
and even unheard of, individual) todiredl: this journal to you, not 
boafting, but rather doubting, of its being worthy of your recep- 
tion ; but my having found lb great a difference between the laft 
year and leveral preceding years, in the variations of the atmo- 
i'phere, both barometrical and thermometrical, induced me to- 
communicate it to other obfervers through your approbation. 

I am, &;c. 


$ 


THE 







Huht.Tnma. Vel.LXXlP'.'hkM. p, sa. 





Mr. AtkiK8^8 Metiorokgieal Journal, &c. 59 

THE mftruments are kept at a houfe about thirty feet above 
high water in the Brlftol Channel. The barometer is made after 
CE Luc’s method ; and to obferve the moft minute alteration I 
have divided it into the one-fixteenth of a line, or 192 parts in an 
Inch, The thermometer Is a mercurial one, graduated according 
to Fahrenheit’s Icale, as being the moft univerral, though, I 
think, a partial one, and placed in the open air in a northern 
afpedl. An hygrometer I have likewile kept in the open air ; 
but being an inftrument that does not admit of, as 1 ever heard 
of, a certain bafis, whereon to fix the fundamental point be- 
tween the greateft moifture' and greateft drought, and there- 
fore of little ufe to diftant obfervers, I have omitte-d thefe ob- 
fervations. For the eafe of correfpondent obfervers, I have 
drawn two columns of the barometer ; the firft divided into 
i92d parts of an inch; the fecoud into looth parts. The 
figures in the column of winds denote its ftrength from o to 
90 degrees of a quadrant. And the moft prevailing winds arc 
from north to weft, being generally in thofe directions two- 
thirds of the year, occafioned, as I imagine, by the indraught 
of the Brlftol Channel. The barometer this year has taken a 
greater range than ever I found thefe fevcral years, being 2.44 
inches. The thermometer llkewife front 21° to 81°; and the 
three rainy months of October, November, and December, 
there fell very little more rain than fell in the montli of Au- 
guft alone, which is very uncommon in this part of the king- 
dom. On the ninth of February an odd phaenomenon appeared 
to me about 10 miles from hence, on my journey to Tiverton. 

I obferved an halo, exaCtly fimilar to that of the fun, the cen- 
ter of the arch about 1 5° high, and both ends terminated in a 
field of fnow; but as rainbows are feen only with the fun behind 
one’s back, this, on the contrary, was between me and the fun. 

I 3 January 
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•^arom. 

Barom. 

E 




Weather, 

Winds, 

Clouds, 

192 

100 

u 

u 

Rain. 






parts. 

parts. 

s 







Inches. 

Inches. 

c 

Inch. 


8 

Stormy, (howera. 

NWbyW 80 


29. 32 

29.17 

40 


28 

12 




29. 16 

29. 9 

45 



9 

Calmer, with hall in the night. 

20 


29. 16 

29. 9 

40 

0.23 

m 

8 

Fair and cold. 

W 20 


28.176 

28.92 

33 


29 

12 

Fair. 

NW 


28,160 

28.84 

41 


s 


SW 


28.154 

28.81 



9 

Cloudy. 

NE 

SW 

29. 0 

29. 0 

37 


1 

8 

f Cloudy, but Inovv on 
1 the diflarit hilU, 

NE 20 


29. 64 

29-34 

37 


12 

Fair. 



29.112 

29-59 

40 



9 

Freezing hard. 



29.168 

29.88 

35 


1 

8 

FroH. 

N£ 15 


30. 16 

30. 9 

33 



12 




30. 16 

30- 9 

37 


1 

9 




30. 16 

30* 9 

32 


1 





Total rain 
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Weather. 



X£ 15 





7 Fan, very haid iiuil. 1 

WNW 1C 

NE 

30. 4' 30. 2 

27 


'3 

12 Cloudy. i 

N\V 


29.184 29.96 

38 


9 

N 

N.VE 

29.184 29.96 

36 




7 Cloudv, frod. E 

20 

14 

12 'Fhawing, 



9 



Cloudy and thawing. 
Fair, freezing. 


60 


E 30 


ENE 15 


W s E 
S 

SE 



3 - 64 30-33 
30 64 30-33 3 
30. 60 30.31 3 
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Weather. 



Winds. 

Clouds, 


Barom. 

100 

parts. 

Thermom. j 

Rain. 






Inches. 

Inches. 

0 

Inch. 


7 

Fair. 

W 25 


30. 40 

30.21 

45 


28 

12 




30. 48 

30-25 

48 



9 




30- 32 

30.17 

44 
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Day. j 

• 

u 

c 

Weather. 

Winds, 

Clouds, 

i 

H)2 

prts. 1 

100 

parts. 

5 

r: 

H 

lain. 







Inches 

Inches 

0 

Inch. 


(' 

Showery day. 

SE 

20 


29.144 

29-75 

43 


lO 

I 2 


SW 

25 


29. 140 

29-73 

so 



9 


w 



29.140 

29*73 

48 



6 

Fair. 

w 

20 


29 a 3 >* 

29-72 

45 


I I 

1 2 



40 


29. 96 

29.50 

S 3 



9 

Vciy flormy. 


5^5 


29. 48 

29-25 

48 



"6 

sfoniu . 

NW. 

75 


29. 92 

29.48 

4 ^ 


12 

12 

Hail fiiowers. 




29. 1 40 

29-73 

45 



9 

Fan. 


80 


29 184 

29.96 

39 



0 

Fair and froft. 

NE 

20 

W 

30. 12 

30. 6 

34 



12 





00 

p 

0 

30.11 

46 



9 


wsw 

JS 


30. 10 

30- 5 

40 



6 

Cloudy, irort. 

ENE 

20 

1 

30. 8 

30- 4 

34 


14 

12 

Fair, i 




30. 16 

30- 9 

44 

- 


9 





30. 16 

30- 9 

37 



6 

Fail, frail. 

WNW 

25 


30. 24 

3 °-i 3 

33 


IS 

12 





30. 26 

30.14 

40 



9 

Cloudy, 




30. 20 

30. i I 

40 



6 

Fair, 

NNE 



3 °- >7 

30. 9 

39 


16 

12 





3°- *7 

30- 9 

41 



9 


W 



30. 10 

30- 5 

40 


*■ 

6 

Cloudy, 

NNW 

35 


30. 0 

30. 0 

38 

o.io 

17 

12 

Fair. 




29. 188 

29.98 

45 



9 





29.190 

29.99 

40 





WNW 

1 C 

\ 

30. 0 

30. 0. 

37 


18 






29.186 

29-97 

45 


~ 

9 





29.180 

I 29.94 

4 ' 
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Winds. 

Clouds. 

Burom. 

192 

parts. 

W 25 

1 


Inches. 
29.150 
29 136 
29.120 


b Hazy. 

2 Fair, 

,W IS 

c f Sleet, but fnow on the 
1 difrant hills, 

2 

) 

SE 45 

Ditto, 

l 

) i 

E 60 

ENE 

Exceilive froft, with a little 
fnow^ here, but five oi fix 
feet deep in the country. 

E 10 

NT 

NW 30 

» Some fliowers. 

1 

NW 50 

Cloudy, 

Fair. 

W 30 

Showery. 

WNW 25 

Showery, 

Hard rain all night. 

W 32 

SW 50 
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5 

Hour. 

Weather. 

Winds. 

Clouds, 

Baroin. 
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parts. 

Barom. 
100 . 
parts. 

S 

H 

Rain. 






Inches, 

Inches. 


Inch. 


6 


SSW 50 


29. 32 

29.17 

51 


28 

12 


30 


29. 90 

29.47 

ss 



9 




29, 72 

29-37 

so 

*-2S 



Hard ram. 

WSW 60 


29. 48 

29.25 

47 


29 

12 

Fair, 

' 


29. 60 

29 31 

SO 



9 




29. 78 

29.41 

49 

! 



6 

Fair. 

VVNW 5c 


29. 32 

29.17 

48 


30 

12 




29. 64 

29-34 

ss 



9 


NW 


29. 92 

29.48 

so 


I 



W 60 


29. 38 

29.20 

47 


m 





29. 56 

29.29 

50 


1 

9 

1 

8c 


29. 46 

29.24 

46 
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2 

3 

4 

5 

6 

“1 

7l 

8 

9 


u! 

1 

6 

12 

8 

9 

10 

Weather, 

Winds. 

Clouds. 

darom. 

192 

parts. 

barom. 
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parrs. 

a 

U4 

(U 

X! 

H 

4 ^ 

SO 

43 

Rain. 

Hard ram flioweis; the 
bar. fell till 8 in the even- 
ing: after which it rofe i 
line by 10 ,* afrei v\hich 
the wnnd lofe to a grcit 
florm, but no min. 

60 

SSW 5O 
W 30 

w\w 


Inches* 
29. 0 

28. 1 16 
?8. 06 
28. ^4 
28. 60 

Inches. 
29 0 
28.61 
28.50 
28 23 
28 31 

Inch. 

6 


NW 90 


28 140 

28.73 

40 


1 2 




^8.156 

28.82 

4 T 


9 


70 


28.1 72 

28.90 

40 

°-'33 

6 

Some fliov\er8. 

NW 50 


29. 0 

29. 0 



12 

Fair. 



29. 16 

29. 9 

45 


9 




-’ 9 - 4 '*^ 

29.2^ 



6 

Cloudy. 

WNW 4c 


29. 76 

29.40 

40 


12 

Fair. 



29. 80 

29 46 

45 


9 


10 


29- 75 

29-39 

38 


6 


K 40 


29. 60 

29.31 

41 


12 


NW 25 

NEE ' 

29. 72 

29.38 

4 * 


9 




29. 80 

29.42 

45 


6 

Showers. 

WNW 30 


29. 96 

29.50 

40 


18 


E NW 


29.108 

29-57 

44 


i 

Hail fliowers. 

NE 40 


29.112 

29.59 

40 


6 

Cloudy. 

NE 50 


29.128 

29.67 

40 


12 




29 156 

29.82 

45 


9 




30. 0 

30. 0 

41 


6 

Cloudy. 

NE 30 


30. 0 

30. 0 

41 


12 

Fair. 



30. 0 

30. 0 

45 


9 




30. 0 

30. 0 

40 


6 

Cloudy. 

NE 20 


29,184 

29 96 

40 


12 

Fair. 



29.186 

29.97 

44 


91 




29.186 


40 
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6 Showeiy. 
20 12 
9 


6 Rain. 
21 12 

9 


6 Fair. 

11 11 k little rain. 
9 Fair. 


6 Fair. 

23 22 Showers. 
9 




6 Showers. 

13 

9 Hard rain. 


6 fair, 
35 12 



E 30 

sw 35 


SW 40 
SE 45 


SW 30 


SE 35 


W so 
SE 


E 30 


6 Cloudy, bhwkeallerly wind. E ■ 55 

37 12 
9 



29.130 29.68 

29.120 29.63 
29.128 29.67 


29.115 29.60 50 
29.126 29.66 56 
29.123 29.64 46 


29.57 46 
29.60 cc 
29.56 49 




29. 78 
29. 66 

29- Si 


29* 73 29.38 49 0.67 

W 29. 96 29.50 56 

29. 96 29.50 49 



29.59 48 
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Ho 
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6 ShowttSf^ 

II 12 
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6 Fair. 
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Q Fair. 
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6 Shotv6ra» 
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12 

9 Rain. 
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SSW 25 
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29. 76 
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29. 80 29.42 
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29. 56 29.29 
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Barom, 
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parts. 
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B 

h 

Rain. 






Inches. 

Inches. 

0 

Inch. 


6 

Cloudy. 

SW 0 
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60. 


a8 

12 

Rain. 
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29.70 
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9 

Hard rain. 

SW 


29.106 
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6 

Rain. 
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‘29. 96 

.29.50 
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19 
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9 
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29. 90 
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6 

Small fliowera. 
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29. 94 
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12 
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j 
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29.50 
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6 Showers* 
I a Fair* 
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6 Showers. 
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6 Cioiid)rv 
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oijkmtd Aug. il^ 
By Mr. Tiberius Cavallp, F. R, S. 


K-eadJan. 15, i;?^. 

! 

B eing upon rhe Caftk Terr^c at Windfor, in company 
with my friend Dr. James Lind, Dr. Lockman, Mr. T. 
I^NDBT, and a fisw ofchet, pjerfons, we obferved a very extra- 
otdiuary meteor in th^ Iky, fuch as none of us remembered tn- 
hiave Befote. Wu flood upon thp north-eaft corner of the 
t^ace,> where we had i perfed view of the whole phaenomenon; 
a4^a^ every oiie of the company remarked fbme particular ) 
ch^tnfknce, the colleClion of all which furniOied the materials 
^r this accowrt, it may be pfeftit»ed» that this lefcription is 
as true as the nafure of the fubjeCk can admit of. 

The weather was cakn, agreeably warm, and the Iky was- 
ferene, excepring/very near the horizon, where an hazincfs jiift 
prevented the appearance of the ftars. A narrow, ragged, and 
oblong cloud flood on the north-wefl fide of the heavais, reach* 
ing fnom the extremity of the hazinefs, which rofe as high as 
18 or 20 degrees, and ihretchk^g itfelf for feveral degrees to* 
Uvatds the ea:^ in a dirteou nei^rijr parallel to the horizon. 
It was a little below this ch>ud| ^^lequently in the hajty 
paitl^of the atmoiphcre, abouf ti» l>y W. f W. point of the 









Mr. CAt$.LhO*» &c. mjjt 

ootnpafS) that Sotiur 

ia(hesoflai»h«it%hti aiuch like the a0rm>’iorea//Sf were hrih 
oh&rvedon thie i^otth^ of the heavens,, which were foon 
perceived to proceed from a roundiih luminous bodj^ nearly as 
big as the femidiametec of the moon, and aimed dationany in 
the abovementioned poh)^. of the heaveais ’ (fee A in the an- 
nexed figure, tab. IV), ItwaS'then about 25 minutes after nine 
o’clock in the evening *, Tliis ball, at the beginning, appeared 
of a faiin bluifh light, perhaps, from, its being juft kindled, or 
from its appearing through the hazinefs ; but. it gradually ini- 
creafed its light, and foon began to- move, at firft afceuding 
above the horizon in an obliqtue direftion towards the eaft. Its 
courfe in this direftion was very Ihort, perhaps of five or fix 
degrees; after which it turned itfclf towards the. eaft, and 
moving in a direftipn nearly parallel, to the horizon, reached as 
far as the S. E. by E. where it foially diiappeared. The whole 
duration of the meteor was , half a minute, or rather left 
and the altitude of its track Teemed to be about 25 degrees 
above the horizon. A fliort time after the beginning of its 
motion, the luminous body paffed behind the above-mentioned, 
fmall cloud, fo that during this palfoge we obfaved only the 
light that was eaft in the heavens from behind the cloud,, 
without aflually feeing the body from which it proceeded, for 
about the fixth or at moft the fifth part of its track ; but as* 
Toon as the meteor emerged frombehbd the cloud,, its- light 
was prodigious. Every objedl; appeared very diftin^j the whole 
face of the country in that beautiful proipe^ before the terrace 

* Mr. Sands v’« wwch urat Smfifeea mbmte$ af& nine oeareft; it doe^not saark, 
femd.. . " " ‘ •' 



‘bfQbg in^i^ly U;iu«unat;ed. At this nitBtiiiit body of tile 
meteor appeared of an oblong forniy like that r)^$i%lhnted it 
'in the €gurc ; but it prefently afitjaired a tail, add fomi iftef’ 
departed into feverai fnoall bodies, each having a tall, inid alf 
moving in the lame direition, at a fmall diftance from each 
•other, and very little behind the piiacipal body, the fiae of 
"which was gradually reduced af^er the divifion (fee D in the 
figure). In this form the whole meteor moved as far as the 
S.E^by E. where the light decreafing rathet abfujiSy, the 
whole difappeafed. 

During the pliaenomeaton no ftoife was heard by any of our 
‘company, excepting one perfon, who imagined to have heard 
a crackling nchfe, fomething like that which is produced by 
fmall wood when burttbg. Bat about ten itoinutes after the 
dilappe»:ante of the meseor, and when we were juft going to 
retire from the (terrace^ We fi^aid a rumbling noife, as if it were 
of thunder at ta great diftanbe, which, to all probability, was 
the, report of the meteor’s eKplofion ? and it may be naturally 
imagined that this ci^oifion happened when thft meteor parted 
iato foftall bodies, vh. a* lalbout the middle of its track. 

iNaw if that aoife was really the report of the explofion 
which > Im^oned in tiae* abovemiSnrioned place, the diftance, 
ateitudet,* *000116, and '©tfatB* particulars relating to this meteor, 
tiraft be vdfy nearly as espreffed in the followmg lift; they 
b<ang caikid^ed wish mathciwatical accutacy^ upon the pre- 
cedkig paiticulaiSSi aJ^d Upon #ie fuppofitioh that found travels 
f f jo ifeet ,per lecow 4 .>*V Sw noife we heard was not that 
%if the meteor’s explofion, then the following Calculations muft 
he loenfiiiefed as <|mte ttfiledl sfod erruneous^ 


1 


Diftandl 



Mstw Jkg. i,u- 

BUIance of the meteor fiomWmdi(M:Cafl}e 130 miles. 

Length of the path it de&ribed in the heavens 550 miles, 
jpiaqaeter of the luminous bod^ when h: came out of , 
the clouds ’ 1070 y^s. 

. Its height above the furface of the Earth 5^i miles. 


The explofion mull have, happened perpendicularly over ' 
LincohiHure. 

T.. Cavallo.. 



X, At- 


t *** ’ *3 


X» Accomi ef tie "Meteers of the i^thf Augufl: and tfk tf 
1783. jByAlcx. Auherr, Efq. F.R. S, and )^,JL 

Read Jan. 15, 1784. 

H aving been forttmate enough to fee both the Meteors, 
of the 1 8th of Auguft and of the 4th of October laft, I 
think it my duty to communicate theobfervations I made upon 
ihem to the Royal Society. We are in general fo little ac- 
^quainted with thefe pbaenomena, that too many accounts of 
them cannot be collected, in order to enable us to form fome 
idea of thdr nature, path, magnitude, and diflance from the 
earth. It is not to be es^pc^ed, that an obferver, in the open 
air, to w'hum the appearance comes totally unexpected, can 
ipve a perfeft account of it; but by going afterwards to the 
Ipot from which he {fw it, he may, 1^ the affiflance of the 
<d^e&s abocat him, and fsme proper iniiruments, come near 
the truth : I have followed this method ; and it is the refult 
thence deduced I have the honour of communicating to the 
Sodttty, 

Monday the 18th of Augtdl had bewt a very fultty day. At 
the time the meteor made its appearance, although the flars 
were bright in the upper part of the heavens, the horizon was 
lurrounded with a hazint^ which did not permit any flats to 
he &en under an akitude of about tight degrees. 1 was oa 
horfeback, returning to my Obfervatory at Loampit>hill, near 
iBqptfbrd, in Kent; my was turned towards the South 



Mr, Aubert’s Aceomt of two Meteors. iij 
I was at the foot of Ixwifliam-brldge, when I was much 
furprifed at perceiving fuddenly a kind of glimmering light, 
tefembling faint but quickly repeated flaflies of lightning ; fcwn 
after which the light increafed much towards the North Weft; 

I turned diredly to it, and faw it form into a large luminous 
body like eledrical fire, with a tinge of blue round its edges. 
It rofe from the hazy part of the atmofphere (which I have 
obferved might be about 8’ high), and moved at firft almoft in 
a vertical diredion, changing its ftze and figure continually, 
having to me all the appearances of fucceflive inflammation, 
and not of a folid body ; it was fometimes round, at others 
oval and oblong, with its longeft diameter in the line of its 
motion ; although it had got high enough to be quite out of 
the hazy part of the horizon, it was furrounded and accom- 
panied in its whole courfe with a kind of whitifh mift or light 
vapour. The place from which it rofe was about 38® from 
the north towards the weft. After rifing a little way perpen- 
dicularly, it made its progrefs in a curve, fo as to be at the 
higheft when it had reached due eaft, at an altitude of about 
35°; after which, continuing a few degrees beyond the eaft, 
and being about 30” high, it left behind it feveral globules of 
various fhapes ; the firft which detached itfelf being very fraall, 
and the others gradually larger and larger, until the laft was 
-nearly as large as the remaining preceding body ; foon after- 
wards they ail cxtinguifhed gradually, like the bright ftars of 
a fky-rocket, with fome inclination downwards, which ap- 
pearance might probably arife from the upper parts of the fepa- 
rate bodies extinguifhing before the lower ones. The meteor 
was at the brighteft and at the largeft juft before its leparation ; 
1 eftimated its magnitude or area then to be equivalent to two 
full moons. Its light, during its whole courfe, was fo great, 
Voi-LXXIV. 0^ tt>at 



IJ'4 Mr. Albert’s Account of two Meteors. 

that I could fee every obje£t diftmdly, Rnd when it was ex* 
tinguiihed the night appeared very dark ; I could however Iw 
by my watch that it was feventeen minutes after nine : as 
foon as I got to my obfervatory, which might be about ten 
minutes afterwards, having compared it with my regulator, I 
found it about half a minute too flow for mean time. I think 
the whole appearance of the meteor, from its firfl: riling out of 
the liazy part of the atmofphere to its total extindlion, did nqt 
exceed ten or twelve feconds of time, during which it moved a 
fpacie correfponding to about 136° in azimuth. I recolledl an 
appearance during its motion, which confirms me in the idea 
I had of its not being a folid body. In its progrefs it did not 
defcribe a curve as regular as might have been expefted from 
fuch a body ; but feemed to move in fomewhat of a waving' 
line. This irregularity in its courfe was probably owing to 
changes of its figure and fize, occafioned by the train of in- 
flammation not running in an even line. I fliould allb men- 
tion that the meteor appeared extremely near to me, more 
particularly when it was at the higheft ; yet from the com- 
parifons made already of obferVations at feveral diftant places, 
we may reafonably judge, that it could not be at lefs than 40 
or 5b miles diftance from the furface of the earth. 

T^he meteor of Saturday the 4th of Odlober laft was of a 
much fliorter duration and path. I was on horfeback, near 
the ftones end, in Blackman-Street, Southwark ; my face 
was turned northwafd. I faw, towards the N. N. E. a traiin 
of fire, refembling in its motion a common meteor, vulgarl}^ 
called a falling ftar, but the Colour of it was red ; it originated 
at an altitude of about 2 5®, and moved quickly in a ftrait line 
ealtward, inclining gradually towards the horizon, fb as to be, 
after a courfe of 15® or 20® in azimuth, about 15® above the 
' horizon. 
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liorlzon, when it fpread into a broader train, and growing of a 
lighter colour, it terminated by refolving itfelf into a beautiful 
oblong body of the brighteft fire, like eledtrical fire tinged 
blue, almoft as large as the moon ; it illuminated the ftreet 
and houfes much more than any lightning I have feen ; thofe 
who had not a dire< 9 : view of it, took it for a long flafti of 
lightning. I think its whole courfe did not exceed 25°, nor 
the time of its appearance two or three feconds. It extingulfli- 
ed quickly, and left behind it, in its path, a train of very dull 
reddifli fire, which continued vifible to my naked eye above 
one minute and a half. The time of night was forty-three mi- 
nutes paft fix ; it was a fine ftar-light evening, warmer than 
the preceding ones ; the moon beyond the firft quarter, and 
very bright ; yet her light was not to be compared to the much 
greater light of the meteor. 

I do not recolledl: hearing any noife or report, either during 
or after the appearance of thefe meteors. 

iiOT!6'!‘’ii83. Alexander Aubert. 

Since I wrote the above account, I have reafon to think I have 
eftimated the altitude of the laft meteor rather too low ; fomc 
of my friends in London, who had, at the time of its appear- 
ance, a very good obje<Jl of comparifon for its altitude, make 
it nearer 30 than 20 degrees. 
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"Xh Objirvations on a remarkable Meteor feen on the \%th of 
Auguft, 1783, communicated in a Letter /fliS 7 r Joleph Banks, 
Bart. P. R. S. By William Cooper, D. D, F. R. S. Arck^ 
deacon c/'York. 


Read Jan. 15, 1784. 


Dear Sir, 


Htfrirpool, near Seocktoii^ 
Aug, 19, 1783. 


N O perfon could have a better opportunity of difeerning 
this awful meteor than myfelf. The weather being, for 
\this climate, aftonilhingly hot, my Fahrenheit’s thermome- 
ter, on a north pofition, and in the open air, having for feve- 
ral days preceding graduated between the hours of ten o’clock 
in the morning and feven o’clock in the evening from 74° to 
82°, I fet out upon a journey to the lea-fide. The weather 
was fultry, the atmofphere hazy, and not a breath of air 
ftirring. Towards nine o’clock at night it was fo dark, that I 
could fcarcely difeern the hedges, road, or even the horfes 
heads. A's we proceeded, I obferved to my attendants, that 
there was fomething fingularly flriking in the appearance of the 
night, not merely fftmi its ftillnefs and darknefs, but from, tho 
lulphureous vapours which feemed to furround us on eveiy fide.. 
In the midil of this- gloom, a&d on an iuftant, a brilUant tre- 
mulous light appeared to the N. W. by N. At the firft it- 
feemed ftat ionary ; but in a fmall Ipace of time it burft from its., 
pofition, and took its coutfe to the $• £» by £. It palTed di- 
mply 
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reftly over our heads w’ith a buzzing noife, feemingly at the 
height of fixty yards. Its tail, as far as the eye could form any 
judgement, was about eight or ten yards in length. At laft, 
this wonderful meteor divided into feveral glowing parts or 
balls of fire, the chief part ftill remaining in its full fplendor. 
Soon after this I heard two great explofions, each equal to tha 
report of a canon carrying a nine-pound ball. During its 
awful progrefp, the whole of the atmofphere, as far as I could 
difeern, was p=rfe£tly illuminated with the moft beautifully 
vivid light I ever remember to have feen. The horfes on which 
we rode (hrunk with fear; and fome people whom we met upon 
the road declared their confternation in., the moft expreflive 
terms. 

I, have the honor to be, 

William Cooper. 
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XIL An Account of the Meteor of the i%tb of Augufts, 1783. In 
a Letter from Richard Lovell Edgeworth, Efq. F.R.S, to 
Sir Jofeph Banks, Bart. P. R. S. 

Read Jan. 15, 1784. 


DBAR SIRj Edgeworth flown, Mullingtr, Ireland* 

A t half paft nine in the evening of the 1 8th of Auguft, I 
faw the meteor which has been obferved in fo many 
different places. 

Its fize appeared to be about one third of the moon’s diame- 
ter i and it moved from the north with an equable velocity, at 
an elevation of ten or twelve degrees, and in a line parallel to 
the horizon. 

It was vifible during ten or fifteen feconds, and feemed to be 
of a parabolic figure, with a luminous tall, twenty or five and 
twenty of its diameters in length. 

It exhibited the moft vivid colours ; the foremoft part being 
of the brighteft blue, followed by different (hades of red. 
Twice during its flight it was eclipfed or extingulfhed, not 
gradually, but' at once, immerging and emerging with uudi- 
minilhed luftre. 

I (hall not venture to trouble you with any conjectures upon 
the nature of this phaenomenon, as it is probable, that the 
fubjeCI: has been fully difculfed long before this time by your 
friends in London. I am, &c. 

«ept.5, 1783. Richard Lovell Edgeworth. 
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XIII. Experiments on Air, By Henry Cavendifli, Efq, 
F.R.S. Gf S.A. 

Read Jan. 15, 1784. 

T he following experiments were made principally with a 
view to find out the caufe of the diminution which 
common air is w-ell known to fuffer by all the various ways in 
which it is phlogifticated, and to difcover what becomes of the 
air thus loft or condenfed ; and as they feem not only to de- 
termine this point, but alfo to throw great light on the con- 
ftitution and manner of produdtion of dephlogifticated air, I 
hope they may be not unworthy the acceptance of this fo- 
clety. 

Many gentlemen have fuppofed that fixed air is either gene- 
rated or feparated from atmofphcric air by phlogiftlcation, and 
that the obferved diminution is owing to this caufe ; my firft 
Experiments therefore were made in order to afcertaln whether 
any fixed air is really produced thereby. Now, it muft be ob- 
ferved, that as all animal and vegetable fubftanccs contain fixed 
air, and yield it by burning, diftillation, or putrefaftlon, no- 
thing can be concluded from experiments in which the air is 
phlogifticated by them. The only methods I know, which are 
not liable to objeition, are by the calcination of metals, the 
burning of fulphur or phofphorus, the mixture of nitrous air, 
and the explofion of inflammable air. jPerhaps it may be fup- 
pofed, that I ought to add to thefe the eledric fpark j but I 

think 
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thtnk k much moft likely, that the phlogifticatioa of the air, and 
ptodiidion of fixed air, in thlsprocefs, is owing to the burning 
of fome inflammable matter in the apparatus. When the 
fpark is taken from a folution of tournfol, the burning of the 
tournfbl may produce this efFe<3: ; when It is taken from lime- 
water, die burning of fome foulnefs adhering to the tube, or 
perhaps of fome inflammable matter contained in the lime, 
may have the fame efFe£V ; and when quickfilver or metallic 
knobs are ufed, the calcination of them may contribute to the 
phlogiftication of the air, though not to the produdlion of fixed 
ah. 

There is no reafon to think that any fixed air is produced by 
the firft method of phlogiftication. Dr. Priestlev never found 
lime-water to become turbid by the calcination of metals over 
it* : Mr. Lavoisier alfo found only a very flight and fcarce 
perceptible turbid appearance, without any precipitation, to take 
place when limc-\vater was fhaken in a glafs vefl’el full of tlie 
air in which lead had been calcined; and even this fmall dimi- 
nution of traiifparency in the lime-water might very likely 
arile, not from fixed air, but only from its being fouled by par- 
ticles t)f the calcined metal, which we are told adhered in fome 
places to the glafs. This want of turbidity has been attributed 
to fhe fixed air uniting to the metallic calx, in preference to the 
lime ; but there is no reafon for fuppofing that the calx con- 
tained any fixed air ; for I do not know that any one has ex- 
trafted it from calces prepared in tins manner; and though 
moft metallic calces prepared over the fire, or by long expofure 
to the atmolphere, where they are in contaft with fixed- air, 
xxintain that fubftance, it by no means follows t^at they mull 

do 
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iwbei pre|Dtsed by ixu^^s la wlti^b, they not la cm* 
flit with it. 

Pr. PftiESTLcy alfbiAferved, 

4id(lttioQ of lead or tin, depofits.a powder by a^ation and expo> 
fure to the air, which •conhl^s in great meafure of the calx <^{ 
the itnperfe£l metal« He ^nd too Ibixie powder yif this kind 
to contain fixed air * } bvtf it k by no means clear that this air 
was produced by the phlogUlicatim uf the air in which the 
-quickfUver was fhaken ; as tl^ powder wa$ not prepated osi 
purpofe, but was procured from qiukkfilfsr fouled by havii^ 
been ufed in various experiments, andtmay therefore have con* 
tained other impurities beiidesthe metallic calces. 

I never heard of any fixed air being> produced by the burniiig 
of fulphur or phofphorus ; hut it has been afEerted, and com* 
^monly believed, that lime water is rendered cloudy by .a.mix* 
ture of common and nitrous air; whjch, if trucy would tbe^a 
convincing proof that on mixing thofe two fubilances fome 
'fixed air is either gmeJrated or feparated; 1 therefere mamined 
this carefully. Now it mufi: be obferved, that as common air 
ufually contains a, little fixed >airy which is no efiendal part of 
it, but iseafily fi^rated by iime*water ; andi as nitrous air may 
'abb contdn fixed‘fur,-.cither if the anetalifrmi! which it ispro- 
cuwd be rufty, ;or ;if the water of the vefiTel in which it ja 
cai^t cohtaan c^ldaseotts eardiy iufpended by fixed air, as^tnoU: 
imters;do,,>it ia pcc^^>£di4torfree*bodiatfs f^^ it by.previonf- 
ly wafiiing them whh lime water -f. Now 1 found, by repeat- 
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■ tA that if the lime water was clean, iftd the ttnim 

airs were previoufly waflied with that fubftance, not the lefift 
'(ibiild. was produced, cither immediately on mixing them» or 
“twi filtering them to ftand ttpwards of an hour, though if ap- 
|>eared by the thick cloudy, which were produced in the lime 
water, by breathing through it after the experiment was finilh- 
ed, that it was more than fufficient to faturate the acid formed 
by the decompofitibfli of the nitrous air, and confequently that 
' if ‘Sny .fixed air had been produced, it muft have become vifi- 
On'ce indeed I found a fmall cloud to be formed on the 
Ihr-face, after the mixture had flood a few minutes. In this ex- 
periment the lime water was not quite clean ; but whether tl>e 
cloud was owing to this circurnftance, or .to the air’s having not 
been properly walhed, I cannot pretend to fay. 

■ Neither does any fixed air feem to be produced by the explo- 
fion of the inflammable air obtained from metals, with either 
cdmmon or dephlogifticated air. This 1 tried by putting a little 
dime* water into k glafs globe fitted with a brafs cock, fo as to 
make it air tight, and an apparatus for firing air by eledlricity. 
This globe was exhauftcd by an air-pump, and the two airs, 
which hid been previoufly Wafted with lime*water, let in, ami 
•fii'^fed to remain fomc time, to ftew whether they would 
afl&£l the lime water, and then fired by ekdricity. The event 
was, that not the lead cloud was produced in the lime-water, 
when the inflammable air was mixed wkh common air, and 
, ' ' ♦ ,( ^ • 

Mr contaiDed in it by mcam of water* On ihaking a mki^nre of ten psrta of com*^ 
jijon air, and one of fixed air, with more than an equal bulk of difttlled water^ 
not more than half of the fixed air was abfoxbed, and on transfcrrbg the aifjnto 
y diftillcd water qpl^ half , the remainder wa# abforbed, ai appeared by the di- 
^ which it 0^ m adding lime water* 
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opljr a ver^ flight one, or rather dimmiltion of tranfparenc/# 
V|??h^ it waiV combined with dephlogifticated air. This, how- 
ever, feemed not to be produced by flxed air ; as it appeared in- 
flantly after the explolion, and did not increafe on ftanding, 
and was fpread uniformly through the liquor; whereas if it 
had been owing to fixed air, it would have taken up fome Ihort 
time before it appeared, and would have begun firft at the fur-, 
face, as was the cafe in the abovemcntioned experiment with 
nitrous air. What it was really owing to 1 cannot pretend 
to fay ; but if it did proceed from fixed air it would fliew that 
only an excefiively minute quantity was produced *. On the 
whole, though it is not improbable that fixed air may be gene- 
rated in fome chymicai proceffes, yet it feems certain that it is 
not the general elFe( 9 ; of phlogifticatlng air, and that the dimi- 
nution of common air is by no means owing to the generation 
or feparation of fixed air from it. 

As there feemed great reafon to think, from Dr. Prieftley’s 
experiments, that the nitrous and vitriolic acids were conver- 
tible into dephlogifticated air, I tried whether the dephlogifti- 
cated pact of common air might not, by phlogifticatlon, be 
changed into nitrous or vitriolic acid. For this purpoft I im- 
pregnated fome milk of lime with the fumes of burning fulphur, 
by putting a little of it into a large glafs receiver, and burning 
• fulphur therein, taking care to keep the mouth of the receiver 
ftopt till the ftunes were all abforbed ; after which the air of 
the receiver was changed, and more fulphur burnt in it as 
before, and the procefs repeated till 122 grains of fulphur wer 4 
confumed. Th<f milk of lime was then filtered and evaporated, 
but it yielded npv^n^ous fait, nor any other fubftance except 
felenite ; fo tlwut qp'fenfible quantity of the air was changed 

« l>r* Pries tIeV fixed Rif to be produced by the of in. 

fRmnjable and common air** Vol. V* p* ,114. 

" K 2 into 




ac^''.^i^octtd by tbte IjammgTBlI'pbur is diaingei:} tj its 
I^S^ tlw llnw into felenitfe, which is vety little folnblo iti 
W&f, ii very fmdl quantity of nitrous fait, or any other fuh- 
llanC^ which is foluble in water, would have been perceived. 

' f alfb tried whether any nitrous acid was produced by phlo- 
j^fticating common air with liver of fulphur ; for this purpofe 
I made a folution of flowers of fulphur by boiling it with lime^ 
and put a little of it into a lai^e receiver, and fhook it fre- 
quently, changing now and then the air, till the yellow co- 
lour of the folution was quite gone ; a figu that all the fulphur 
was, by the lofs of its phlogifton, turned into vitriolic acid, and 
united to the lime, or precipitated ; the liquor was then filtered 
and evaporated, but it yielded not the leaft nitrous fait. 

The experiment was repeated in nearly the fame manner 
with dephlogifticated air procured from red precipitate ; but 
hot the lead nitrous add was obtained. 

It is well known that common felenite is very little foluble 
in #ater ; whereas that procured in the two laft experiments 
was very foluble, and even ctyftallized readily, and was in- 
tdafely bitter ; this however appeared to be owing merely to 
the acid with which it was formed being very much phlogif- 
treated ; for on evaporating it to drynefs, and expofing it to the 
air for a few days, it became much lefs foluble, fo that on®' 
adding water to it not much dtflblvcd ; and ly repeating this 
procefs once or twice, it feemed to become not more foluble than 
felenite made in the common manner. 

This Iblubility of the felenite caufed fome trouble in trying 
the experiment ; for while it continued much Ibkble it would 
have been impoflible to have didinguifoed a fmall mixture trf 
ttitfous lalt ; hut by the abovementioned procefs I was able to 

didinguifli 



%>«& a pmfK^rtKm &» il ik fekipte had, bqen <^, 
m eami Ihluble than uibal. 

The namre of the neutral falts made with the phlogifticated 
viurjuiic and nitrous acids has not been much examiu^^^ hy the 
chymifts, though it feeaxs well worth their attention ; and it 
is likely that many belides the foregoing may di&r remarkably 
fmm thofe made with the fame acids in their common ftate. 
Nitre formed with the phiogifticated nitrous acid has been 
found to differ conhderably from common nitre, as well asSai 
Polychreft from vitriolated tartar. 

In order to try whether any vitriolic acid was produced by 
the phlogiftication of air, I impregnated fifty ounces of diftilled 
water with the fumes produced on mixing fifty-t\yo ounce 
meafures of nitrous air with a quantity of common air fuffictent 
to decompound it. This was dcaie by filling ^ bottle 'with 
Ibme of thk water, and inverting it into a bafotf of the fame, 
and tlten, by a fyphon, letting in as much nitrous air as filled 
k half'full ; after which common air was added flowly by the 
lame iyphon, till all the nitrous mr was decompounded. When 
this was done,, the diftilled water was further impregnated in 
the fame manner till the whde of the abovementioned quan- 
tity of nitrous air was employed. This impregnated water, 
which was very fenfihly acid to the tafle, was diftlUedin a glajfe 
retort. The firft runnings were very acid, and fmelt pun- 
gent, bring nitrous acid much phlogiiHcated ; what came ne^t 
had no fenfible tafte or hneU; but the laft runnings were very 
acid, and confifted of nitrous acid not phlo^fticatod. Scarce 
any frihment was left behind. Thefe different parcels -of- dif- 
tilled liquor were then exa£tiy faturated 'with lalt of tartar* - and 
evaporated ; they yielded Byf grains of nitre, which^.as far as 
I could perceive, was umoked with, vitriolated or any 

r other 
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6ther Cti|]^!ice, aad caMifeqbtntly no fenfible quantity tigf tho 
comitton air with which the nitrous air was mixed was ttwnflil 
into, Vfei’Olic acid. 

It appears,' from this experiment, that nitrous air contains as- 
qatieh acid as 2| times its weight of faltpetre ; fpr fifty-two 
duiite meafures of nitrous air weigh 32 grains, and, as was 
before faid, yield as much acid as is contained in 871 grains of 
feltpetre ; fb that the acid in nitrous air is in a remarkably 
Oonccftitrated ftatc, and I believe more than 1 1 times as much fo 
as the ftrongeft fpirlt of nitre ever ^irepared. 

Having now mentioned the unfiiccefsful attempts I made to 
^nd out what becomes of the air loft by phlogiftication, I pro- 
ceed to fome experiments, which lerve really to explain the 
matter. 

In I>r. Priestley’s laft volume of experiments is related 
an experiment ol Mr. Warltire's, in which it is faid that, on 
firing a mixture of common and inflammable air by eledfricity 
ih aclofe copper veflel holding about three pints, a lofs of weight 
was always perceived, on an average about two grains, though 
the veflel was flopped in fuch a manner that no air could efoape 
by the explofion. It is alfo related, that on repeating the ex- 
periment in glafs veflels, the infide of the glafs, though clean 
and 'dry-' before, immediately became dewy ; which confirmed 
an opinion he had long entertained, that common air depofits 
ks moifture by phlogiftication. As the latter experiment Teem- 
ed likely to throw great light on the fubjed I had in view, I 
thought it well worth examining more clofely. The firft ex- 
periment alfo, if there was no miftake in it, would be very ex- 
traordfeary. aftd <Gurious ; but it did not fucceed with me ; for 
chough the vdflel I ufed held more than Mr. Warltire’s, 
ttamely, ‘'a4',doi fr&fofS of water, and though the experiment; 
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litoa arid mflammable air, I could never perceive a lofs of 
w^ght of more tha« one-fifth of a gfaki„.and conunonly 
HOT^ at all. It muft be obferVed; however,, that though there 
were fome of the experiments In which it feemed to diminilh 
a littie in weight, there Were none in which it increafed 

In all the experiments^ the. infide of the glafs globe became 
diewj, as obferved by Mr. WARtT|RjE ; but not the leaft footy 
matter could be perceived. Care was taken in all of them to 
findhoW" much the air was dimih^tbed' by the explofi6n»,and- 
to obferVe, its teft. The refult is as follows : the bulk of the 
inflammable aiv being exprefled, in decimals of tlie commoni 
air. 


Common air. 

, ( ! 

[nQammabic 
^ air* 

‘i ' ' 

Dimmution. 

r 

Air remain- 
ing after the 
exploiion. 

Tcfl: of this 
air * in firft 
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In thefe experiments the mflammable air was procured from . 
jMne, as it, was in, all my experiments, except where otherwile- 
exprefled : but 1, made two .more experiments, to tty- whether 
there w'as aijy difference between the air from zinc and that 
from iron, thp quantity of. inflammable air being the fame in 
both, namely, ®»33,t of the common ; but .1 could not^ fiijd any 
, difl«rencc . to be depended on , between, the two kinds of air, 
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tbat '^a^ ttcafuresoof 
^!ir '4re ft«arty^fttfficieftt to Cotopfetaly pfait^fticMte 
'tQitWi iif air ; and that the bulk of the air i«mai»ing 
after %he e'3t{)l6fiion is then t-eiy little more than four*fii6h8 of 
the cdcnttton air entijiloyed I fo' that as common air cannot be 
redu^ to a inuch lefs bulk than that by any method of phi®, 
gifti^fibii, we may 'ftfely conclude, that when they are mixed 
in thfis proportion, and exploded, 'almoft all the indammaMe 
air, kiitS about bne*fifth part of the common air, loft their 
olaftlcity, ahd are condenftd into the dew which lines the 
;glafs. 

The better Co examine the nature of this dew, jooooo grain 
meafures Of inftammable air were burnt with about ai times 
that quanitity of comnion air, and the burnt air made to paft 
through a glaft cylinder eight feet long and three-quarters of 
•an itfth lO diaineter, in order to depofit the dew. The two 
airs '“tVere ' conveyed flbwly mto tVis cylinder by ftparate cop- 
per'pipesjl paffing through'a brafs" plate Ivhich’ flopped up the 
•end of the cylinder; and as natter inflammable nor common 
air can btim by themfelves, there was no danger of the flame 
fpf 4 aMHg*iiJiioih’e'maj^ 2 tnfes‘i^m''^v^ tht^'drere conveyed. 
%^ch of thfeift iftagaifuies a large tin vdTcl, ih- 
‘ veked ' i^tO kAo^eir 'v'^fTel Jbft bi^'eUoiiibkU * rebelve it. The' 
'Siiher veffel do^ihMicatdd vintb 'the ahd tfee'aSr 

^*w4s otit ‘ it*by ponririg" Vatcr into the outer* vdffel j 

^-kidd in dfderfhkt the quantity of’hOmmon air expelled fliOtdd 
i| times %at Vbi^ fhe friflamn!ia^le,'fhe’ vkitef 
>,t|^'Dttter veflels by two boles in the bottom of the lame tin 
the hole which conveyed the water into that veflei in 
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' |(i7ing the expeiSfiitent, the ih^aii!i^ behig fidl fill<^ 
isrMt th^ reifiedive aits, the glafs cyhtuier was taken of, and 
hrater let, by the two holes, into the owter veflfels, till the airs 
began to ifue from the ends of the oopf)er pipes ; they were 
then let on fire by a candle, and the cylinder put on i^tn in 
Its place. By this meauS upwards of 135 grains of water were 
^ndenied Ih the cylintbr, which had no tafte nor fimeil, and 
Which left no fenfible fediment when evaporated to dryueft ; 
neither did It ;^ld any pungent fmell during the evaporation ; 
In Ihort, it Teemed pure water* 

In my fitft etpetiment, the cylinder near that part where 
the air was fired was a little tinged with footy matter, but 
very (lightly fo % and that little filmed to proceed from the 
|>utty with which the apparatus was luted, and which was 
heated by the flame ; for in another experiment, in which it 
was contrived lb that the luting Ihould not be much heated, 
fcarce any footy tinge could be perceived. 

By the experiments with tlw globe It appeared, that when 
inflammable and common air are exploded in a proper propor'- 
tion, almoft all the inflammable air, and near one*fift:h of the 
common air, lD(e ’ their elaflici^, and are condenfed into dew. 
And by this experiment it appears, that this dew is plain wa- 
ter, ahd con^^tleatly that almoft all the inflammable air, and 
about one- fifth of the Common air, are turned into pure water. 

In order to examine the nature of the matter condenfed. on 
firing a mixture Of d^lof^icated and inflammable air, 1 took 
i glaft globe^i* '^holding grain* meafures, fomiflicd with a 
'Wafs cock and im apparatus for firing air by eledrit^j. ^This 
'g;lobe was well exhauiled by an air»puin{^ and then filled with 
VoL. LXXlVi S u mixture 
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a mixture of inflammable and deplilogifticated air, by 
tfae;doclD, £%ffemng,a fecHtgl.d^i tuUq.jtu^ find letting, 

•fep tha endiftf: itdiHo a.glals jaf(,iinvcfted,,intp. w^fer, and *'9”^ 
toining, a. mixture ^of i§^5pp,gr4jn raeafures dephlogiflipate^ 
aki/.and .g/^ooOsipf h^fiai^inal^e that,. <>penipg thq 

i» 9 ck^ fome ofuthis mi?ed aifjruihed tlirougU tyl^,an<i 

filial ’£be^globe»^.< T;he<ock;iwasyh^^^ Ihufr and the included; 
aln fired, by. eleflrifiiljb bg^whief^ means almoft all of it, loft its. 
elafticity . The epek <was itheu, .^aip i Ofiened,. fo, ^ to let in> 
more of the. fame atf,i,to (upply-thc plapn of that deftroyed by 
the explofion,. which was- again fired,r;5nd the c^eration conti- 
nued till almoft tlie. whole of the mixture was let into the- 
globe and. exploded,;. ; By, this, means, tb-OUgh the globe held 
not more than the fixthpart of t}3em‘f*^tire. almoft the whole 
of it was exploded, therein, without any. frefh exhauftlon of 
the globe.. , > , 

. . As I was defirous tD*try the q^iantlty. and teft,of this burnt 
air, without letting any water into tlie globe, which would 
have prevented- ;Wy examhfiug. the natur^ of the condeufed- 
matter, Ttook a-larger globe, furuilhed-alfo with a ftop cock,, 
exhaufted it hy an air-pump,, and fcre\y£d it on upon the cock 
, of the former globp ; upon which,, by opening both cocks, the 
air ruftied.out of , the fmalkr globe into larger, till it bp- 
oame of eqpalvdenfity in botbi. then,, by (hutting the cock of 
•the larger globe,, uufcrewing. it again from the former, and 
®pening.i£ under 1' was enabled, to find the quantity of 

stfae burnt ,air,,i», ft t .i^udl confbqpeniily, a^s tfte ^.roportiop. 
which the contenta-of the two globes bore to. each otbpr. was. 

i* “ 

‘ i * 

' ^ In brdet- to prcvwt’^ mty water from' getting into tii« 

Hkiiftr watfer 9fv the 


CEd of itj which was rubbed off w hen railed above the furface of the water, • 

knowiD^, 
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^nown, could\eU the quWity oi^ 1 itiiFn?^ail^in¥he fmall |ybe 
^fore the commumcatIhH Was hiide bet#eeA H 4 iem/ By this 
means the Whol^ tjuahlity of burtt ^-^feas fouftd tO'hc 
2950 grain meafufe^-i Its ftahdird Waa r,85- ' " 

The liquor condenfcd in thfe globe,”in weight about 30 
grains, was fenfibly acid to the tafte, and by fatUratlon with 
^ fixed alkali, and evaporation, yielded ncai* tWo grains of nitre ; 
fo that it confifted of Water united to a fmall quantity of ni- 
itrous acid. No footy matter was depofited ]n the globe. The 
xlephlogifticated air ufed in this experiment was procured from 
red precipitate, that «, from a Iblution of qmckfilver m fpirit 
of nitre diftilled till it acquires a red colour. 

As it was fufpedled, that the acid contained in the condenfed 
4iquor was no eflential part of the dephlogifticated air^ but wias 
owingto forae acid vapbUr which caitae oilier in making it and had 
not been abforbed by the watc^, the cxpetimWit W^s repeated’iii 
the iame manner, Withfbttie more of thefime’air, which had 
been previoufly Waflied with' water, by 'keeping -it t day or ttli'o 
an a bottle withYome water, and (haking'it frequently ; whereas 
that ufed in the preceding experiment had never pafied through 
water, except in preparing it. The condenfcd liquor was ftill 
acid. • 4 

The experiment was alfo repeated with dephlo^fticated air, 
.procured from red lead by means Of oil of vitriol ; the liquor 
condenfcd was acid, but by an accident I was prayented from 
.determining the nature of the acid. • - • * <- it 

I alfb procured fbme dephlogifticated air from the leaves of 
plants, in the manner of Doftors Ingenhousz and pRiBSTt*y, 
and exploded it with Inflammable air before; the tkoadbnfed 
iliquor fiili continued ahid, and' of the liitrous kilid*.' ?• 

■ 1 ‘ ‘ 'S H ' In 
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jtn^fU j^peiiiaeiiiis, the proportm 
imil that the hprot m wfs not much ph!o|tAtcatdi ; Ai^d 
ll wai that the kia pbkgUticatM it was* the mcH^ 

atftd^was the GtmdeH&d liquor. I therefore madeWoillier exf^ 
riniattt* with (bme more of the fame air from plaots* iti which 
the proportion of inflammable air was greater, lb that the 
burnt air was almofl: completely phlogilHcated, its frandard 
h*ing.ti«* The wi^dcnfcd liquor was then not at all acid, but 
frended pure water : fo that it appears, that with this kind of 
dephkgi^icated air, the coodetifed liquor is not at all acid, 
when the two airs are mixed in fuch a proportion that the 
burnt air is almofr completely phlogifticated, but is.confiderably 
lb when it is not much phlogifricated. 
la order to fee whether the fame thing would obtain with 


Mr procured from red precipitate, I made two more expen- 
ments with that kind of air, the air in both being taken from 
the lame bottle, and the experiment tried in the fame manner, 
except that the proportions of inflammable air were dlflerent. 
In the firfl, in which the burnt air was almofl completely 
fhlogiflkated, the condenfed liquor was not at all acid. In- 
theleamd* in which its flandard was i,86, that is, not much 
it wa^ conflderably acid ; fo that with this air, 
as well as wijthtbat from plants, the condenfed liquor contains, 
otlsentiinfy free from, acid, according as the burnt air is Ufs 
or more phlogiifrcated ; and there can be little doubt but that 
the iatjoe : 111 k obtains with any other kind of dephicgjflicated 


' In ruder |a Jka whether the acid, formed by the explofion’of 
^ic^dilogiftkaled air obtained by n^ns of the vflriohc add, 
uNMiid alfr be of cherutrqoaktnd^ 1 procured fome air from, 
mineral, md eiqiloded it with infianUtelhk air, the 


pr(^ooi> 



This miteilMi «m aci^y, whid» 

apl^ltdi,' fisturat^otiwith a feJutictt <if''faIt.of tai-^e*, to be 
oftlie nitrotii kiwiJ ; and found, by the additba of fome 
leita pond'etKifo {zSkit to contain little ot no vitriolic acid. 

When ittftanumbfc sur was exploded with, common in 
fueh a proportion that the ftandard of the burnt air was about 
the condenfed liquor wa^ ndt in the ietft acid. There is 
no difference, however, in th» refpcft between common air, 
and dephiogifticated air nsmted with jfoio^flkated in fuch.a 
proportion as to reduce it to the ftandard of common air ; for 
fome dephfogifl^ated air ifom red precipitate, being reduced 
to this ihndard by the addition of {>erfe£l:ly phkgiiHcated ah, 
and then exploded with the fome propcHtion of inflaimmdble 
air as the commem air was in ^ forgoing expedmeat, the 
condenfed liquor was not in the leafo acid. 

From the foregoing expeiiments it appears, than when a 
mixture of inffammable and’ dephlogifoicated air i& exploded in. 
fuch proportion that the burnt air is not much phbgifHcated, 
the condenfed liquor contdns a little acid, which is always of 
the nitrous kind, whatever fubftaiice the dcphlogifticated air is 
procured from ; but if the proportion be fiich that the burnt 
air is almoft entirety phloj^fticated, the condenfed. liquor -is. 
not at all acid’, but foems pure-wateri without any addition, 
whatever; and'aS) when they are mixed in that proportion, 
very little air romaims after die explofion, almoft the whole 
being condenfed, it follows, that atmoft the whole of thei in- 
flamthable and de^hk^gifticated air is omvetted into pure wa* 
ter. Ik is not esdjr; indeed, tO' determine fiom thefc exp^> 
iniMlts what|^pOttidn the burnt air, remaming aftwr iih« explo^ 
finnsihoie td the dephl0|;tflk»(ed rdr ^ployed, at neither the 
r ‘ . i. ftnaUi 
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•^aiail nor the ; large globe. P9rfe^ly exhauftcd of a?r, 

•and there was no faying, with exadtnefs what quantity was^left 
-4n tliem.; hut in moft of them, after aho wing for, this uncer- 
Mainty, the true quantity of burnt air. fee^ied not more than 
Vyth of the dephlogifticated air employed, or -,'.p.th of ,the mix- 
ture. It leems, however, unneceflary to determine 'this point 
exadtly, as the quantity is fo fmall, that there can be little doubt 
but that it proceeds only, from the inppurities mixed with the 
dephlogifticated and inflammable , air, apd-conftquently that, 
if thofe airs could be obtained j)Mf^(ftly ,purej the, whole would 
be condenled. 

• With, Tefpcift to comrnon air, and dephlogifticated air re- 
.fduced. by the addition of phlpgifticated air to the ftandard 

of common air^ the cafe us different;; as the l^uor condenfcd 
iu exploding theim with inflamtflable air, I believe I may fay in 
■any proportion, is not at all acid ; perlraps, .bccaufp -if, they arc 
■ mixed' ii&ifuch a proportion as that the. burnt air, is not. much 
>:phl<^ifticiiEcd, itlio eKplpfiGU .is teo, weaki, and not accompanied 
with-fuffioient heat. 

• All the foregoing experiments, on the.expl^on ofhiflam- 
oroable, am jwjth .common and dephlogifticated airs, except thofe 
■i which (relate to the caufe of the acid found in the water, .were 
nraadeiiinl/thc ,‘furamcr of .i^e year 1781, and vyere mentioned 
iiiby -me -.tor-DnuPairsTLEY, who, in .qonfeqpeiuce of it made 
..forae>..eKperiment8 of the fame, hiud,, ap .he r^l^tes in a pjaper 

ipoiflted in the preceding volunae of. the Tratifaftions. . j During 
-*the laft fummer lalfo, a friend of mine . gave fome accppnt.of 
'•them to ■ M. Lawcisser, as wel} as of the, cppclufiott df^wn 
•‘frpttt them, that dephlogifticated ,air is qnly water de^rive^ of 
- •.J)hl©giftnn.; byt at that time fp fay was j M. L,Ay,o|siE^,fpom 
^-dhittking' any ftich opinion waHjjnted, tha^ tlJI I15 

- i yallcd 



Vailed upon to rep*ent the ^jtpfefitnent himfclf, he found foitife 
difficulty In beliei>in'g thHii noarly the whole of the two airs 
eoiild be Converted into' watet. It is remarkable, that neither 
«f thefo gentlemen fo'und any aCid in the water produced by 
the combuflion ; •which might proceed from the latter having 
burnt the tvl'o airs in a different manner from what I did ; and 
itom tlic former having ufed a different kind of Inflammable air, 
iiamely, that from Cliarcoal,. and perhaps having ufod a greater 
proportion of It. 

before I enter iotd tbe caufe of thefe pbaEiiomena, it will be 
proper to take ndtice, that pblo^ifficated air appears to be no- 
thing clle thiih the hifrous add united to phlogiffon ; for when 
nitre is deflagrated vi%h dharCoal, the acid is almoft entirely 
cohve'rted Into this 'kind of air. 'fhat the add is entirely con- 
verted info aiv, appears from the commofi procefo for makin^g 
what IS called ciyffus of nitre'; for if the nitre and eharcoal' 
are dry, fcarCe dip thing is-ffound in thetwffels prepared' for 
coiidenlingdhe 'furries'; but if they are moift' a dittle liquor is 
colledte'd, Whidh is hbthing but the water eOntaincdtin the nia- 
‘terials,'^impf%rtViferl'With'a little 'volatile alkali, s proceeding in 
"all probability froha the irnpcrfedtly bUnit charooaJ, and a little 
fixed alkali, ' cHnfiifllt/g of 'fome of the alkalized nitre carried 
dVer by the^hfed atid Vvatery vapoufs» As far as l ean perceive- 
too, at pryfoht,' the dr into Which' much the greateft part of 
the add 'is ‘cb’hVerfed, ''differs in no 'refped from eommon air 
'phlogiftick^edi. 'A'fmall phrt hf the add, however, is turned into 
nifrhti^ air,'‘'an(J l:He' whole- is rifiked vvith a good deal of fixed, 
'aftd'pe'ihaps'a ffittld^hfllthmdble ak, hOth proceeding foom the 
■'(dhar^d'al- _ 

'^bis Wdl that' the- add isalfo converted by 

Wffped;- there feems- a< 
conliderable: 
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‘tonfiderable analogy between that and the vitriolic acid ; for 
the vitriolic acid, when united to a finaller proportion of pblo* 
.gifton,’ forms the volatile fulphureous acid and vitriolic acid air, 
both of which* by expofure to the atmofpherc, loie their phlo- 
gifton, though not very faft* and are turned back into vitriolic 
■acid 5 but, when united to a greater proportion of phlogifton, it 
forms fulphur, which fhews no hgns of acidity, unlefs a fmali 
degree of affinity to alkalies can be called fo, and in which the 
phlogifton is more ftrongly adherent, fo that it does not fly off 
\vhen expofed to the air, unlefs affifted by a heat fufficient to 
fet it on fire. In like manner the nitrous acid, united to a cer- 
tain quantity of phlogifton, forms nitrous fumes and nitrous 
air, which readily quit their phlogifton to common air ; but 
when united to a different, in all probability a larger quantity, 
it forms phlogifticated air, which fhews no figns of acidity, 
^nd is ftill lefs difpofed to part with its phlogifton than fulphur. 

This being premifed, there feem two ways by which the 
^hsenomena of the acid found in the condenfed liquor may be 
■explained} firft, by fuppofing that dephlogifticated air con- 
tains a little nitrous acid which enters into it as one of its 
■component parts, and that this acid, when the inflammable 
air is in a fufficient proportion, unites to the phlogifton, and 
is turned into phlc^ifticated air, but does not when the inflam* 
Inable air is in too fmali a proportion ; and, fecondly, by fup- 
pofing that there is no nitrous acid mixed with, 6r entering 
into the compofition of, dephlogifticated air, but that, when, 
this air is in a fufficient proportion, part of the phlogifticated 
«ir with which it is debafed is, by the ftrong affinity of phlo- 
gifton to dephlogifticated air, deprived of its phlogifton and 
turned into nitrous acid ; whereas, when the dephlogifticated 
air is not more than fufficient to confume the inflammable air, 

none 
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Hone then remains to deprive the phlogifti^ted ait of Its phlo^ 
gitlon, and turn it into acid. 

If the latter explanation Be true, I tlbink,' we muft allow 
that dephlogifticated air Is iu reality nothing but dephlogifti- 
Cated Water, or Water deprived of Its phlogifton ; or, in other 
Words, that water confifts of dephlogifticated air united to 
phlogiftott i and that inflammable air is cither pure phldgiftorf, 
as Dr. PttifisTLfiy and Mr. Kirwak fuppofc, or elfe water 
united to phlogifton*j flnce, according to this ftippofition, 
thefe two fubftances united together form pure water. On the 
Other hand, if the firft explanation be true, we muft fuppofe 
that dephlogifticated air coiiiifts of water united to a little 
nitrous acid and deprived of its phloglfton ; but ftlll the ni- 
trous acid in it muft make only a very fmall part of the whole, 

* Either of thefe fuppolitions will agree equally well with the follow ing expe- 
rhnents t but the latter fccmi to me much the moft likely. What principally 
makes roe thkik fo i»> that commoa or dephlogtifticated air do not abfoib phlo- 
gtAou from 'indammable air, unlcfs adifVed by a red heat, whereas they ahforb 
the phlogtdon of nitrous air, liver of fulphur, and many other fubilanccs, with' 
tout that al!iftancc ; and it feenis iiicxphcaUc, that they (hoiild icfufe to unite to 
pure phlogiilofi, when they arc able to cXtra<5t it from fubflances to which it has an 
affinity ; that is, that they ihould overcome the allinity of phlogidon to other 
Atb^nces, and cxtra<5l it from them, when they will not even unite to it when 
prefented to them. On the other hand, I know no e^>eriment which fliews 
inflammable air to be pure phlogiflon rather than an uiwun pf it with water, 
unlcfs it be Dr. PalttsTLEv^s experiment of expelling Inflammable air from iron 
l).y heat alone. 1 am not fufliciently acquainted with Ihe circumilantes of that 
experiment to argue with certainty about k ; but I think it mpeh mpre likely; 
that the inflammable air was formed by the itnioo of the phlogiflon of the iron 
fltlngs with the vv^ter cUfperfed among them, or coqtamed in* the retort or other 
VcfTcl in which it was* heated and in all probability this was the caufc of the 
Reparation of the phlogiflon, as iron feenis not di^ofed to part with itis phlo* 
gftlon by heat alone, without being aflSfled by the air or fomc other fubfthacc. 
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a» .k that the phlogifticnted air, which it is cc>o\rftrte 4 

intOf 18 very fmalt in comparifon of the dephlqgifticated air.,,, 
^I tluak the fecon 4 of thefe explanations feetns much the 
•X3|ft Ukely ; as it was found, that the acid in the condcnf «4 
iiqupr was of the nitrous kind, not oniy when the dephlo- 
jpfticated air was prepared from red precipitate, but ajfo when 
i^.iras jprocured from plants or from turbith mineral : and it 
ieecips j»ot, likely, that air procured from plants, and fliil lefs 
likely that air procured from a folution of mercury in oil of 
vitriol, Ihould contain any nitrous acid. 

Another ftrong argument in favour of this opinion is, that 
dephlogifticated air yields no nitrous acid when phlogifticated 
by liver of fulphur ; for if this air contains nitrous acid, and 
yields it when phlogifticated by explofion with inflammable air,. 
It is very extraordinary that it fliould not do fo when phlogifti- 
cated by other means. 

But what forms a ftronger and, I think, almoft declfive 
argument in favour of this explanation is, that when the de- 
phlpgifticated air is very pure, the condenfed liquor is made 
much more ftrongly acid by mixing the air to be exploded with 
a little phlogifticated air, as appears by the following expe- 
riments. 

A mixture of 18500 grain meafures of inflammable air with 
€>750 of dephlogifticated air procured from red precipitate were 
exploded in the ufual manner ; after which, a mixture of the 
fame quantities of the fame dephlogifticated and inflammable 
air, with the addition of 2500 of air phlogifticated by iron 
filings and fulphur, was treated in the fame manner. The 
condenfed liquor, in both experiments, was,acid, but that in 
the latter evidently more lb, as appeared alfo by faturating 
each of them feparately with marble powder, and precipitating 

7 - the 



the fcartH bj fixed alkali, the precipitate of the feeoud expeii- 
ment weighing one-fifth of a grain, and that of the firft 
being feveral times Icfsi The {khdard of the burnt air: in the 
firft.experinpent was i,86, and in the fecdud only 0,9, 

, !lt mnfi be obierved, that all cirCumfiaaices werer tiiit 
fame in thefe two experimeritSi except that in the latter the 
air to be exploded was mixed with fosne phlog^fiicated av^ msii 
that in coniequenCe the burnt air was more.phlogifiicated thah 
in the former ; and from what has been before faid, it appear^ 
that this latter clrcumfiance ought rather to have mads the 
condenfed liquor lefs acid ; and yet it was &uad to be much 
more lb, which ihews ftrongiy that it was the phlogifiicaited 
air which furniihed the acid, , , , 

As a furthet confirmation of this pointy thefe two cbtn^aira* 
five experiments were repeated with a little variation,, namely^ 
in the firft experiment there was firft let into the globe 1 500 
of dephlc^lfiicated air, and then the mixture, confiding of 
1 2200 of dephiogifilcated air and 25900 of inflammable. Was let 
in at different times as ufual. hi the fecoad experiment, befidea 
the 1 500 of dephlogifticated air firft let in, there was alfb ad* 
mltted 2500 of phlogifticated air, after which the mixture, 
Confiding of the lame quantities of dephl(^fticated and inflam- 
mable air as beforb, was let in as ufual. The Condsn&d liquof 
of the iecond experiment was about three rimes as acid as that 
of the firft, as it required 1 19^ grains of a diluted fblutida of felt> 
of tartarto faturate it, and theothetonly 37. The ftanijtrdof 
the burnt air was in the experiment, and 1^916 in« 

riife firft, ^ 

The intenildn o# previiMiify Ibixlng in (bme dephkg^flacated 
dit Ui tile two la^ >e3tpeirbiaetitk tho condenfed iiquor 
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was ex|>e£bed to become more acid thereby, as proved adually 

^|}e the calc. 1 ^ * 

: iln'the firft of thefetwo experiments* in order. that theiair 
to be exploded ihoutd be as free as podible from common aii^ 
4 he globe was hrft filed with a mixture of dephlogidicatedand 
kiflammable air, it was then exhaufted, and the air to be ex* 
Ideided let in ; by which means, though the globe was not petv 
fefily exhaufted, very little commoti air could be kft in ih 
In the: firft fet of experiments this circumftance was not 
attended to, and the purity of the dephiogificated air was 
forgot to be exaniined in both lets. 

. From what has been faid there fcems the utmoft reafon to 
thinje, that dephlogifticated air is only water deprived of its 
phlogtllon, and that inflammable tair, as was before faid, is 
either phlogUticated water, or elfe pure; phlogifton ; hut in all 
probalnlity the former. 

As Mr. Watt, in a paper lately read before this Society, 
fuppofes water to confift of dephlogifticated air and phlogifton 
deprived lof pkt of their latent heat, whereas I take no notice 
of the'latter circumftance, it may be proper to mention in a 
few words the reafon of this apparent difference betwen us. If 
there be any fuch thing as elementary heat, it muft be allowed 
that what Mr. WAT’t fays is true ; but by the fame rule we 
ought to fay, that the diluted mineral acids confift: of the con- 
ceigtiated acids limited to water and deprived of part of theif 
latent heat; that folutious of fal ammoniac, and moft other 
other neutral falls, confift of the fait united to water and ek- 
mentary heat; and a fimilar language ought to be i*fed m 
^letdtuig of almoft all chemical coml^ations, as there are very 
few which are not attdeidcd with fome increafo or diminutioa 
of heat« Now I have chofon to avoid this form of fpaking^ 

both 
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lx«h becaufe I think it , more likely that there is no fuch thing 
ac elementary heat, and bccaufe faying fo in this inftance, 
without ufing fimilar expreflions in fpeaking of other chemical 
aanious, would be hnpmper, and would lead tofalfe ideas; and 
it may even admit of doubt, whether the. doing it in general 
would not caufe more trouble and perplexity than it is worth. 

There is the utmoft reafon to think, that dephlogifticatcd and 
phlogifticatcd air, as M. Lavoisier and ScftiELE fuppofe, aro 
quite diftiaifl: fubftances, and not differing only in their degree of 
phlogiJfticatioh ; and that common jur is a mixture of thetwoj.> 
for if the dephlogifticatcd air is pfetty pure, almoft the whole 
of it lofes its elafticity by phlogiftication, and, as aj^ars by 
the foregoing experiments, is turned into water, inftead of 
being converted inb phlogifticated air. In moft of the fore- 
going experiments, at Icaft ^^-^hs of the whole was turned intb 
water ; and by treating fome dephlogifticatcd air with liver of 
fulphur, I have reduced it to lefs than of its original bulk,, 
and other perfons, I believe, have reduced it to a ftill lefs bulk> 
fo that there feems the utmoft reaibn to fuppofe, that the fmall 
refiduum which remains after its phlogiftication proceeds only 
from the impunties mixed with it. 

ft was juft faid, that fome dephlo^fticated air was reduced by 
liver of fulphur to of fts original bulk ; the ftandard of 
this air was 4,8, and confequently the ftandard of perfeftly 
pure dephlogifticatcd air ftionld be very nearly 5, which it a 
confirmation of the foregoing opinion ; for if the ftandard of 
pure dephlogifticatcd air is 5, common air muft, according to- 
tbis opinion, contain one* fifth of it, and therefore ought to lofe: 
one-fifth of its bulk by phlogiftication^ which is what it is* 
afhially found to ; 

' ,i ' . : , • .’-ivv i, ^roii^ 
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Fram what has beieii (aid. It follows, that inftcad of ra5d«ig 
air is 1 p'hlogifticatcd or dephlogifticated by any means, it woulii 
be *nore ftriflly juft to fay, it is deprived of, of receives, *»aa 
Iddition of dephlogifticated air ; but as the other cxprcffioi* is 
tonvenient, and can fcarccly be confidered as improper, 1 fliiil 
ftill frequently make ufe of it in the remalndcf df this paper. . 
i: There feemed great reafon to think, from Dr. PhiestleV’s 
experiments, that both the nitrous and vitriolic acids were can^ 
vertible into dephlogifticated air, as that air is procured in the 
greateft quantity from fubftances containing thofe acids, efpe- 
cially the former. The foregoing experiments, however, feem 
to Ihew that no part of the acid is converted into dephlogifti-* 
cated air, and that their uft in preparing it is Owing only to 
the great power , which they poflcfs of depriving bodies of 
their phlogifton. A ftrong confirmation of this is, that red pre- 
cipitate, which is one of the fubftances yielding dephlc^ifti- 
catied air in the greateft quantity, and w-hich is prepared by 
means of the nitrous acid, contains in realky no acid. I'liis I 
ft)und by grinding 400 grains of it with fpkits of fal ammo- 
ma*e, and keeping them together fbr fomc days to. a bottles 
taking care to ftiake them frequently.' The red colour of thtf 
pC^ipkftte was rendbred pile, but: hot entirety deftroyed ; bekig 
theft waihed with water and filtered, the clear liquor yielded 
Oft evaporation not the kaft ammcnrkcal fait. 

It is natural to think, that if any nkioii^ acid had been cod^ 
tained in the wfl precipitate, it wpuld have united to the vok-. 
tilb alkali and haw formed amoaouiaeal intte, and would hare 
been perceived on evepoiation ; but bi order to determiite mdr^ 
certainty whotber this would be the cafe. 1 dfied. fome of ihA 
fame folution of quickfilver from which tbdrtd peecipttath wttft 
j^pofed with a lefs heat, ia that it acquired only an orange 

colour, 
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«?ota«X». and treated the fame pf,it with v;olatile alkali 

in tiK f?me manner as before. It imqnediatel^ caufed an efFer- 
yciecHce, changed the colour tp grey, and yielded 52 grains 
of ammoniacal nitre. There is the utmoft reafon to think, 
therefore, that red preeijMtate contains no nitrous acid ; and 
confequeiitly that, in procuring dephlogifticated air from it, na 
acid is converted into airj and it is reafonable to conclude, 
therefore, that no fuch change is produced in procuring it from 
any other fubftance. 

It remains to confider In what manner thefe acids a£l: in 
producing dephlogifticated air. The way in which the nitrous 
acid ails, in the produ^ion of it from red precipitate, leems to 
be as follows. On diftUlIng the mixture of quickfilver and 
fpirit of nitre, the acid comes over, loaded with phlogifton, 
the form of nitrous vapour, and continues to do fo till the re- 
maining matter acquires its full red colour, by which time all 
the nitrous acid is driven over, but fome of the watery part ftijl 
remains behind, and adheres ftrongly to the quickfilver ; fo that 
the red precipitate may be confidered, either as quickfilver de- 
prived of part of its phlogifton, and united to a certain portion 
of water, or as quickfilver united to dephlogifticated air*; after 
which, on further increaftng the heat, the water in it rifes 
deprived of its phlogifton, that is, in the form of dcphlogifticatedl 

* tTnIef* we were onich better acqnairited than we are with the manner in 
which •difierent fubfimcM ere united' tpget^n- in compound bodies, it would be 
ridiculous to fay, that it ia the cjuiclcfilvpr- in the. red precipitate which is deprived 
of its phlogifton, and net the water, or ^at it is tlw water and not the quickfilver; 
all that we can fay is, that red precipitate cohiifis of quickfilver and water, one 
or both of which are deprived oif of thilf phlogifton. In hire manner, during 

the ]i4*eparation -ef red precipitate, it it eertaih that the acid jabjbrbi |dib- 
^fton, either from the quiofc&ly^r or the water 1 htpltwp are by »q 
ID iay. jEroiB which, 

air. 
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4 ir, and at the fame time the quit!'< (liver didils over Iq it* ***** 
falUc form. It Is juftly I'emarked by Dr. PaiESTLEY, that the 
fpiution of quickfilver does not begin to yield dcphlogifticated 
ftir till it acquires its red colour* 

Mircurius calCinatus appears 16 be oivly ^Vilckfllvfer which 
has abforbed dephlogilHcafed air ffom the atmofphere during 
hs preparation ; accordingly, by giving it a fufficient heat, the 
dephlogiftiiated aif is driven off, and the quickfilver acquires 
its original form. . It feems therefore that mercurius calcinatus 
and red precipitate, though prepared iti a difierertt manner, ar« 
Very nearly the fame thing. 

From what has been faid it follows, that fed precipitate and 
^nefcUrlus calcinatds Contain as much phlogifton as the quick - 
lllver they are prepared from ; but yet, as uniting dephlogifti- 
cated air to a metal comes to the fame thing as depriving it of 
part of its phlog^fton and adding water to it, the quickfilver 
way ftill be confidered as deprived of its phlogifton ; but the 
imperfeft metals foetn not only to abforb dephlogifticated air 
during their calcination, but allb to be really deprived of part 
of their phlogifton, as they do hot acquire their metallic form 
by driving olF the dephlogifticated air. 

In procuring dephlogifticated air from nitre, the acid aCts in 
a dilfereflt manner, as, upon heating the nitre red-hot, the de*' 
phlogifticated air rifes mixed with a little nitrous acid, and at the 
fame time the acid remaining in the nitre becomes very muclr 
phlc^fticated ; which fhews that the acid abforbs phlogifton 
from the water in the nitre, and becomes pbl(%ifticated, while 
the water is thereby turned into dephk^fticated air. On dif- 
titling 3155 grains of nitre in an unglazed earthen retort, ic 
yklded 25^00 grain meafures of dephlogifticated air*, the 

fbndard 

• This is, about eighty •one grain meafures from one grain of nitre ; and the 

wctzhft 
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ftandard of different parts of which varied from 3 to 3,65, but 
at a medium was 3,35. The matter remaining in the retort 
diflblved readily in water, and tafted alcaline and cauftic. On 
jHlding diluted Ipirit of nitre to tlie fblution, ffrong red fumes 
were produced ; a fign that the acid in it was very much phlo- 
gifticated, as no fumes whatever would have been produced on 
adding the fame acid to a Iblutlon of common nitre; that part 
of the folution allb which was fuperfatu rated with acid became 
blue ; a colour which the diluted nitrous acid is known to af- 
fiime when much phloglftlcated. The folution, when fatu- 
rated with this acid, loft its alcaline and cauftic tafte, but yet 
tailed very different from true nitre, feeming as if it had been 
mixed with fca-falt, and alfo required much lefs water to dif- 
lolvc it; but on expofing it for fome days to the air, and add- 
ing frcih acid as fall: as by the flying off of the fumes the al- 
cali predominated, it became true nitre, unmixed, as far as I 
could perceive, with any other ftilt *. 

It has been remarked, that the dephlogifticated air procured 
from nitre is lefs pure, than that from red precipitate and man/ 
other fubftances, which may perhaps proceed from unglazed 
earthen retorts having been commonly ufed for this purpofe, 
and which, conformably to Dr. Priestley’s difeovery, may pof- 
ftbly abforb fbme common air from without, and emit it along 
with the dephlogifticated air ; but if it fhould be found that the 
dephlogifticated air procured from nitre in glafs or glazed 
earthen veffels is alfo impure, it would feem to Ihew that part 

weight of the dephlogiflicatcd air, fuppoling it 800 times lighter than water, is one 
tenth of that of the nitic. In all probability it would have yielded a much greater 
^lantity of air, if a greater heat had been applied. 

* This phlogillication of the acid in nitre by heat has been obferved by Mr, 
ScufeRLE ; fee his experiments on air and fire, p. 45, Enghfli tranflation# 
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of the acid in the nitre is turned into phlogiilicated air, by ab» 

forbing phlogifton fiom the watery part. 

From what has been laid it appears, that there is a confider- 
able difference in the manner in which the acid adfs in the pro- 
duftion of dephloglflicated air from red precipitate and from 
nitre; in tire former cale the acid coma's over lirft, leaving the 
remaining fubftance deprived of part of lt;i phlogiffon ; in the 
latter the dephlogilflcated air comes firfl, leaving the acid loaded 
with the phlogifton of the water from which it was formed. 

On diftilling a mixture of quickfilver and oil of vitriol to 
drynefs, part of the acid comes over, loaded with phloglfton,, 
in the form of volatile fulphureous acid and vitriolic acid air ; fo 
that the remaining white mafs may be confrdered as conlifting 
of quickfilver deprived of its phlogilfon, and united to a certain 
proportion of acid and water, or of plain cjulckfilvcr united to 
a certain proportion of acid and dephloglfticated air. Accord- 
ingly on urging this white mafs with a more violent heat, the 
dephloglfticated air comes over, and at the fame time part of 
the quickfilver rlfes in its metallic form, and alfo part of the 
white mafs, united in all probability to a greater proportion o£ 
acid than before, fublimes ; fo that the rationale of the pro- 
dudlion of dephloglfticated air from tuibith mineral, and fron» 
red precipitate, are nearly fimilar. 

True turbith mineral confifts of the abovementioned whita 
mafs, well wafted with water, by which means it acquires a 
yellow colour, and contains much lefs acid than the unwafted 
mafs. Accordingly it feems likely, that 011 cxpofing tins to 
heat, lefs of it ftould fublime without being decompounded, and 
confequently that more dephloglfticated air ftould be procured 
from jt than from the nnwafted mafs. 

Thif 
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This is an Inftance, that the fuperabundant vitriolic acid may, 
.in fome cafes, be better extracted from the bafe it is united to 
by water than by heat. Vitriolated tartar is another inftance ; 
for, if vitriolated tartar be mixed with oil of vitriol and expofvd 
even to a pretty ftrong red heat, the mafs will be very acid ; 
but, if this mafs is diftblved in water, and evaporated, the cry- 
ftals will be not fenfibly fo. 

In all probability, the vitriolic acid afts in the ftime manner in 
the produflion of dephlogifticatcd air from alum, as the nitrous 
does in its produftion from nitre ; that is, the watery part comes 
over firft in the form of dephlogifticatcd air, leaving the acid 
charged with its phlogifton. Whether this is alfo the cafe 
with regard to green and blue vitriol, or whether In them the 
acid docs not rather adt in the fame manner as in turbith mine- 
ral, 1 cannot pretend to fay, but I think the latter more 
likely. 

There is another way by which dephlogifticatcd air has been 
found to be produced in great quantities, namely, the growth 
of vegetables expofed to the fun or day-light ; the rationale of 
which, in all probability, is, that plants, when aftifted by the 
light, deprive part of the water fucked up by their roots of its 
phlogifton, and turn it into dephlogifticatcd air, while the 
phlogifton unites to, and forms part of, the fubftance of the 
plant. 

There arc many circumftanccs w'hich flicw, that light has a 
remarkable power in enabling one body to abforb phlogifton 
from another. Mr. Senebier has obferved, that the green 
tindlure procured from the leaves of vegetables by fpirit of wine, 
quickly lofes its colour when expofed to the fun in a bottle not 
more than one third part full, but docs not do fo in the dark, 
or if the bottle is quite full of the tindlurc, or if the air in it 

U z is 
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is phloglfticated ; whence it is natural to conclude, that the 
light enables the dephlogiftlcated part of the air to abforb 
phlogifton from the tlndure ; and this appears to be really the 
cafe, as I find that the air in the bottle is confiderably phlogif- 
ticated therebj?. Dephlogifticated fpirit ot nitre alfo acquires a 
yellow colour, and becomes phlogifticated, by expofure to the 
fun’s rays * ; and 1 find on trial that the air in the bottle in 
which it is contained becomes dephlogifticated, or, in other 
words, receives an increafe of dephlogifticated air, which fliews 
that the change in the acid is not owing to the fun’s rays com- 
municating phlogifton to it, but to their enabling it to abforb 
phlogifton from the water contained in it, and thereby to pro- 
duce dephlogifticated air. Mr. Scheele alfo found, that the 
dark colour acquired by luna cornea on expofure to the light, 
is owing to part of the filver being revived ; and that gold, dif* 
folved in aqua regia and deprived by diftillation of the nitrous 
and fuperfluous marine acid, is revived by the fame means ; 
and there is the utmoft reafon to think, that, in both cafes, the 
revival of the metal is owing to its abforbing phlogifton from 
the water. 

Vegetables feem to confift almoft intircly of fixed and phlo- 
gtfticated air, united to a large proportion of phlogifton and fome 
water, fince by burning in the open air, in which their phlogifton 
unites to the dephlogifticated part of the atmofphcrc and forms 

* If fpirit of nitre is with a very gentle heat, the part which comes 

over is high coloured and fuming, and tliat wduch remains behind is quite colour- 
Icfs, and fumes much Icfs than other nitrous acid of the fame drength, and the 
■ fumes are coloiirlefs* This is called dephlogiilicatcd fpirit of nitre, as it appears 
to b« really deprived of phlogifton by the procefs. The mariner of preparing it, 
as well as its property of regaining its yellow colour by expofure to the light, is 
jnentioned by Mr. Scheele in the Stockholm MemoirS| 1774, 

water^ 
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Vater, they feem to be reduced almoft intjrely to water and 
thofe two kinds of air. Now plants growing in water witliout 
earth, can receive nouriihment only from the water and air, 
and muft therefore in all probability abforb their phlogifton 
from the water. It is known alfo that plants growing in the 
dark do not thrive well, and grow in a very different manner 
from what they do w'hcn expofed to the light. 

From v/hat has been laid, it feenis likely that the ufe of light, 
in promoting tlic growth of plants and the produflion of 
dephlogilficatcd air from them, is, that it enables them to 
ablbrb plilogifton from the water. To this it may perhaps be 
objcbfedj. that though plants do not thrive well in the dark, yet 
they do grow, and fhould therefore, according to this hypo- 
thefis, abforb water fro'hi'''the'''irtmofpher,e, and yield dephlo- 
gillicated air, which they have not been found to do. But 
have no proof that tliey grew at all in any of thole calcs in 
which they were found not to yield dephlogilficatcd air; for 
though they will grow in the dark, yet their vegetative pow- 
ers may pcrliaps at firlf be intirely checked by it, efpccially 
conlidering the unnatural fituation in which they muff be 
placed in fuch experiments. Perhaps too plants growing in 
the dark may be able to abforb phlogilfon fiom water not 
much impregnated witli dephlogilficatcd air, hut not fiom 
water ffrongly impregnated with it ; and conkqucntly, wlien 
kept under water in the dark, may perhaps at firlf yield fomc 
dephlogilflcated air, which, inftead of rifuig to the lurface, 
may be abforbed by the water, and, before the water is fo 
much impregnated as to fuffer any to efcape, the plant m.iy 
ceafe to vegetate, ualcfs the water is changed. Unlefs there" 
fore it could be Ihewn that plants growing in the dark, in 
water alone, will iucreafe iii lize, without yielding dcphlo- 

glllicated 
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glfticated air, and without the water becoming more impregnated 
with it than before, no objection can be drawn from thence. 

Mr. Senebier finds, that plants yield much more dephlogifti- 
Cated air in diftilkd water impregnated wdth fixed air, than in 
plain diflilled water, which is perfedlly conformable to the 
abovementioned hypothefis ; for as fixed air is a principal con- 
ftituent part of vegetable fubftances, it is rcafonable to fuppofe 
that the work of vegetation will go on better in wafer con- 
taining this fubilance, than in other water. 

There are feveral memoirs of Mr. Lavoisier publllhcd by 
the Academy of Sciences, in which he intirely difeards phlo- 
gifton, and explains thofe phacnomena which have been ufually 
attributed to the lofs or attraiSlion of that lubftance, by the ab- 
forption or cxpullion of dephlogifticated air; and as not only 
the foregoing experiments, but moll; other pluenomcna of na- 
ture, feem explicable as well, or nearly as well, upon this as 
upon the commonly believed principle of phlogifton, it may 
be proper briefly to mention in what manner I would explain 
them on this principle, and why I have adhered to the other. 
In doing this, I fliall not conform flriiSfly to his theory, but 
flhall make fuch additions and alterations as feem to fuit it heft 
to the pha3nomena ; the more fo, as the foregoing experiments 
may, perhaps, induce tne author himfelf to think fomc fuch 
additions proper. 

According to this hypothefis, we mull: fuppofe, that water 
confifts of inflammable air united to dephlogifticated air; that 
nitrous air, vitriolic acid air, and the phofphorlc acid, are alfo 
combinations of phloglflicated air, fulphur, and phofphorus, 
with dephlogifticated air ; and that the twm former, by a fur- 
ther addition of the fame fubftance, are reduced to the common 

nitrous 
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nitrous and vitriolic acids ; that the metallic calces confift of 
the metals themfelves united to the fame fubftance, commonly, 
however, with a mixture of fixed air ; that on expofing the 
calces of the perfecf metals to a lidiicient heat, all the dephlo- 
gifticated air is driven off, and tiie calces are rcflorcd to their 
metallic form ; but as the calces of the imperfefl metals are 
vitrified by heat, inflead of recovering the metallic form, it 
flaould feem as if all the dephlogifticated air could not be driven 
off from them by heat alone. In like manner, according to 
this hypotliefis, the rationale of the produflion of dephlogilH- 
cated air from red precipitate is, tliat during the folutlon of 
the quickfilver in the acid and the fubfequent calcination, the 
acid is decompounded, and quits part of its dephiogiflicated air 
to the quickfilver, whereby it comes over in the form of nitrous 
air, and leaves the quicklllver behind united to dcphlogiftlca- 
ted air, which, by a further increafe of heat, is driven off, 
while the quickfilver re-afl'umes its metallic form. In pro- 
curing dephiogiflicated air from nitre, the acid is alfo decom- 
pounded ; but with this .difference, that it fuffers fome of its dc- 
phloglfticated air to efcape, while it remains united to the alkali 
itfelf, in the form of jihlogifticated nitrous acid. As to tlie 
produftlon of dephiogiflicated air from plants, it may be laid, 
that vegetable fubftances confift cliiefly of various combina- 
tions of three different bafes, one of which, when united to 
dephlogifticated air, forms water, another fixed air, and the 
third phlogifticated air ; and that by means of vegetation each 
of thefe fubftances are decompofed, and yield their dcphlogiftl- 
cated air ; and that in burning they again acquire dcphlogifti- 
cated air, and are reftored to their priftine form. 

It feems, therefore, from what has been faid, as if the phas- 
nomena of n^ure might be explained very well on this princi- 
5 
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ciple, wirlioiit the help of phlocjhlron ; and indeed, as adding 
dcphlogiftic.ited air to a body comes to the fame thing as de- 
priving it of its pRioglOon and adding water to it, and as there 
are, perhaps, no bodies entirely dellittite of water, and as I 
know no way by which phlogifton can be transfericd from one 
body to another, without leaving it nneertain whether W'ater 
is not at the fame time transferred, it cvill be very difficult to 
determine by cxperiiiicnt w'hich of thel’c opinions is the trueft ; 
but as the commonly received principle of phlogifton explains 
all phaenomena, at Icaft as well as Mr. J/A voisier’s, 1 have 
adhered to that. There is one circumftance alfo, which though 
it may appear to many not to have much force, I own has fome 
Weight with me ; it is, that as plants feem to draw their nou- 
rifhment almoft intirely from water and fixed and phlogifticated 
air, and are reftored back to thufe fubiianccs by burning, it 
feems reafonable to conclude, that notvvithlhinding their infi- 
nite variety they confift almoft intirely of various combinations 
of water and fixed and phlogifticated air, united according to one 
of thefe ojfmions to phlogifton, and deprived according to the 
other of dcphlogiftlcated air ; fo tiiat, according to the latter 
opinion, the fubftance of a plant is lefs compounded than a 
mixture of thofe bodies into which it is refolved by bunfmg; 
and it is more reafonable to look for great variety in the more 
compound than in the more fimple fubftance. 

Another thing which Mr. Lavoisier endeavours to prov’e is, 
that dephlogifticated air is the acidifying pilnciple. From what 
has been explained it appears, that this is no more than faying, 
that acids lofe their acidity by uniting to phlogifton, which with 
regard to the nitrous, vitriolic, phofphoric, and arfenical acids 
is certainly true. The fame thing, I believe, may be faid of 
the acid of fugar; and Mr. Lavoisier’s experiment is a 

ftroiig 
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ftrong confirmation of Be&oman’s opinion, that none of the 
fpirit of nitre enters into the compofition of the acid, but that 
it only ferves to deprive the fugar of part of its phlogifton. 
But as to the marine acid and acid of tartar, it does not appear 
that they are capable of lofmg their acidity by any union with 
phlogifton. It is to be remarked alfo,. that the acids of fugar 
and tartar, and in all probability almoft all the vegetable and 
animal acids, are by burning reduced to fixed and phlogifticated 
air, and water, and therefore contain more phlogifton, or lefs 
dephlogifticated air, than thofe three fubftances. 
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XIV^ Rmarks on Mr. Cavendish ’is Experiments on Air. In a 
Ijetter from Richard Kirwan, ^Kfq. F, R. S. to Sir Jofeph 
Bahks^ Bart. P, R»S. 


Read Feb. 5, 1784. 


SIR, 

H aving Ilftened with much attention, and derived 
much ufeful information from the very curious experi- 
ments of Mr. Cavendish, read at our laft meeting, it is with 
peculiar regret I feel myfelf withheld from yielding an intire 
affent to all he has advanced in his very ingenious paper ; and 
it is with flill greater that I find myfelf obliged, by reafon of 
the oppofition of fome of his dedutSdons to thofe I had the ho- 
nour to lay before the fociety about two years ago, to expofe 
the reafons of iny diflent, through your mediation, before this 
meeting. 

In the paper already mentioned, read in April, 1782, I at- 
tributed the diminution of refpirable air, obferved in common 
phlogiftic proceffes, to the generation and abforption of fixed 
air, which is now known to be an acid, and capable of being 
abfbrbed by feveral fubftances. That fixed air was fome how 
or other produced in phlogiftic proceffes, either by feparation 
or compojition^ I took for granted from the numerous experi- 
ments of Dr. Priestley ; and among thefe I felefted, as leaft 
liable to objedlion, the Calcination of Metals, the decompoli- 
5 . tioa 
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tion of nitrous by mixture with refpirable air, the 
a:k>n of rffpirabb air by tliC; eicfitric fpafk* and, laftly, .thatef- 
-fe^icd by amalgamationk In each of thele inftauces Mr> GAVEirf- 
©Hh is of opinion, that die ^ diminution of refph;akl^ .air is 
owing to the produtlloii of water, which, according to him, h 
aformed by the union of the phlogifton, dilengaged in-thofe pror 
ceflis, witJi the drphkjgihicatcd part of common air ; and that 
feed. air. IS mdi^er ' produced iu phlogiihc procefles, except fomc 
«Bimal or' Vegetable iubfipnee is concerned in the operation, 
■ffom’whbfe deebmpofition iiti.mby arife. To width of thefe 
caufes the diminution of refpirable air is to be attributed, 1 lhall 
now endeavour to elucidate. ' ' 

O/' the CaidnatUn of Metals. 

I attributed the diminution of air by the calcination ot 
•inetals, to the convejfion of the d,ephloglAicated part of com- 
,rnon air into fixed, air, by rcafon of its union with the phlo- 
gifton of the metal, fqr tins plain roafous bccaufe I find it ac- 
knowledged on al^ hands, that the calces of all the bafe metals 
yield fixed ph’, when fufficicutly heated. Mr. Cavendifh allows 
the fad iu, general, but afer^bes the fixed air found in them to 
their Ipng expbfure to the atmofphere, in which he fays fixed 
air pre-exifts •> but that it exifts in common air in any quantity 
wptth attending to, or is ext-raded frorn it in any degree, I 
take the li^r^ of denying, grounded on the following fads. 
Firft, I have, frequently agitated 1 8 cul^ic inclips of cqrnmon ajr 
in 2 of lirpe-water, and 2 of common air in 18 of Jime-water, 
but. could never perceive the flighteft 

thqufandth part of a cubic inch, of fixed ait would' tKu? be made 
|enlible ; for if a cubic incli of it be diflblved in 3 ounces of 

X 2 water. 
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water, a few drops of that water let into lime-water will pro*^ 
ducc aclond. Mr. Fontana fays, he frequently agitated i cubic 
inch of Tindure of Turnfole in 7 or 800 of common air, with- 
out reddening it (23 Roz. p. 188.); and yet, according to Mr. 
Bergman, 1 cubic inch of fixed air is fufEcient to redden 50 
of Tinilure of Turnfole (iBergm. 11.); from whence I am apt 
to think, that 700 cubic inches of common air* do nc^ even 
contain of a cubic inch of fixed air. Dr. Whytt found 
that 1 2 ounces of ftrong lime-water, being expofed to the opea 
air for 1 9 days, ftill retained about i grain of lime, (on Lame- 
water, p. 32!). Now 1 2 ounces of ftrong lime-water contain 
at moft 9,5 grains of lime, and i grain of lime requires only 
0,56 of a cubic inch of fixed air to precipitate it, the thermo- 
meter at 55 and the barometer at 29,5, as I have found. There- 
fore in 19 days this lime-water did not come in contaft with 
more than four cubic inches of fixed air ; yet It is certain that 
a large quantity of fixed air is continually difengaged, and 
thrown into the atmofphere, by various procefl'es, as putre- 
faiftion, combuftion, &c. but it feems equally certain that it is 
cither decompofed, or more probably abforbed by various bodies. 
Mr. Fontana let loofe 20000 cubic inches of fixed air, in a 
Toom whole windows and doors were clofed, yet in half an 
hour after he could not dlfcover the leaft trace of it (ibid.). 
Though fixed air perpetually oozes from the floor of the Grotto 
del Cane., yet at the diftanceoffoufor five feet from the ground 
none is found; animals may live, lights buni,&c. (Roz. Ibid. Mem. 
Stockh. 1 775.). If diftllled water be expofed to the atmofphere^ 
It is never foupd to abforb fixed air, but rather dephiogifticated 
air, according to Mr. Scheele’s experiments, which couldnever 
happen if the atmofphere contained any fenfible proportion of 

7 ' : fixed 
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feted air; nor has rain-water been ever found to contain any, 
which it certainly fhould on the fame hypothefis; even Mr. 
Cavendish himfelf could find no fixed air in the refiduum or 
products of about 1040 ounce meafures of common air, which 
he burnt with inflammable air. 

It is true, Dr. Priesti.ey fuppofed common air to con- 
tain of its bulk of fixed air ; but he drew this conclufion 
not from any dire<Sl: experiment, but from the quantity of fixed 
air produced by breathing, which he at that time believed to 
have been barely j)recipitated, and not generated, an opinion 
which he has found reafon to alter from his own experiments. 
I think I may therefore conclude, that the quantity of fixed 
air contained in the atmofphcre is abfolutely inappreciable. 

Secondly, fuppofing the atmofphere to contain a very fmall 
proportion of fixed air, yet I do not think it can be inferred 
that metals, during their calcination, extradt any, becaufe I 
find that lime expoled to red heat ever fo long extradls none, 
though it is formed by a calcination in open air, which lafts 
at lead as long as that of any metal ; neither docs precipitate 
per fe attraft any, though its calcination lafts feveral months ; 
nor does tliis proceed from the want of affinity, for if a fatu- 
rate folution of mercury in any of the acids be precipitated by 
a mild vegetable alkali, very little effervefcence is perceived, 
and the precipitate weighs much more than the quantity of 
mercury employed, and that this increafe of weight arlfes In 
part from the fixed air abforbed will prefently be feen. 

Since then metals may be calcined in clofe veflels, fince they 
then abfbrb one fourth part of the common air to which they 
are expofed, fince all metallic calces (except thofe of mercury, 
which 1 fhall prefently mention) yield fixed air, fince common 

air 
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air coiitalhs fclarce any fiked air; is it il<^ apparent 
&^d'air tliii^'fdunc! was generated by t!ic very 'adt o^calcIriatitStfi 
by the union of the phlogiftou of the metal with the dephlo* 
gifticated part of the common air, iince after the operation tlT<; 
metal is deprived of its phlogifton, and tlie air of its dcphlo- 
^ftreated part 

' But Mr. Cavendish ohjofls. that no one has extradfed fixed 
air from metals calcined in clbfc veflels. To which I anfwer, 
that this further proof is difficult, and no way neceflary ; it is 
difficult, bccaufe the operation can cafily be performed only on 
fmall quantities ; it is unneceflliry, becaufc it differs from the 
operation in open air ouly by the quantities of the materials 
employed, in every other ref'pedl it is cxaftly the fame. Since 
Mr. Cavendish fufpedfs the refults arc different, it is incum- 
bent on him to flicw that ditfcrcmce; but until tlien, accord- 
ing- to Sir Isaac Newton’s fecond rule, to natural ej'itls of 
the fame kind the fame caufc\ arc to be afjigned, as far as k may 
be done, that is,' until experience points out fome other caufe. 

It may farther be urged, that precipitate per fe yields only 
dephlogifticated air, that minium alfo yields a large proportion 
of it. This difficulty I iiave formerly anfwered by afiertlng, 
that thefe calecs are in fadf united only to fixed air, and that 
they yield dephlogifticated air, merely becaufe the fixed air is 
decompofed by the total or partial revivification of the tnetallic 
fubftanCes; this I think may be demonftfatod by the fedfe-wing 
experiments. Let fubllmate corrofive fingly be treated in any 
maiiner, it will not yield dephlogifficated air- (4 Pr. 240.) ; but 
let a follition of fublitnate corrofive be precipitated by a itiild 
fixed alkali, this precipitate wafhed, dried, and diftilled in a 
prifeumatlc apparatus,' will yield dephloglfticateij air, and the 

mer- 
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ift€i;cury will be revived ; but, if the folution of fublimate cor- 
rofive be precipitated by lime-water, it feems no air will be pro- 
duced. ' Here then we fee, ift, that the calx of mercury unites 
with ^jced air ; and, adly, that this fixed air is, during the 
revivification of the mercury, converted into dephlogiflicated 
air. Again : let one ounce of red precipitate, which, according 
to Mr* Cavendish, contains no nitrous acid, be diftilled with 
two ounces of filings of iron ; this quantity of precipitate, 
which, if diftilled by i.tfelf, would yield 6o ounce meafures of 
dephlc^ifticated air, will, when diftilled with this proportion 
of filings of iron, yield 40 ounce meafures of fixed air, as Dr. 
Priestley has ftiewn in his laft paper: whichever way this 
is explained, fome or other of my opinions are confirmed ; for 
cither the mercurial calx is already combined with fixed air 
(which I believe to be the cafe), and this air pafl'es undecorn- 
pofed, becaufe the mercury extracts phlogifton from the iron ; 
or it contains dephlogifticated air, which is converted into fixed 
air by its union with the phlogifton of the iron. 

If precipitate Ji be digefted in marine acid, the mercury 
will be revived (3 Bebgm. 415.)- Now this calx does not de- 
phlogifticate the marine acid ; for this acid, when dephlogifti- 
cated, diflolves mercury; how then does it revive it, if not by 
expelling the fixed air contained in it, which in the moment of 
its expulfion is decompofed, leaving its phlogifton to the mercu- 
ry, which is thereby revived ? 

Again : if litharge be heated in a gun-barrel, it will afford more 
fixed and lefs dephlogifticated air than if heated in glafs or 
earthen veflels. Does not this happen, becaufe the calx of 
lead, receiving fome phlogifton from the metal, does not de-^ 
phlogifticate fo great a proportion of the fixed air as it other- 
\Yife would ? 


Fur- 
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Further : there is no fubftance which yields dephlogifficated- 
air, but yields alfo fixed air, even precipitate per fe not except- 
ed; (3 Priest. i6.) and what is remarkable, they all yield fixed ‘ 
air firft, and deplilogifticated air only towards the end of the 
procefs. Does not this happen becaufe metallic calces attrafb phlo- 
gifton fo much more ftrongly, as they are more heated ? Thus 
many calciform iron oi'cs become magnetic bycalcination, though 
they were not fo before ; fo alfo do all the calces of iron when ex- 
pofed to the focus of a burning glafs (5 Di£t. Chy. 1 79), Thus 
mercury cannot be calcined but in a heat inferior to that in which 
it boils ; thus minium cannot be formed but in a moderate heat, 
and if lieated ftill more it returns to the ftate of maflicot, in 
which it was before it became minium, and much of it is re- 
duced. So if a folution of luna cornea in volatile alkali be tri- 
turated with mercury, the filver will be revived, and the ma- 
rine acid unite to the mercury, which (hews this acid has a 
llronger attradion to Mercury than to filver ; yet if fubllmate 
corrofive and filver be diftilled in a ftrong heat, the mercury- 
will be revived, and the marine acid unite to the filver, which 
fhcws that the attrafliou of mercury to phlogifion increafes 
with the heat applied. 

Before I conclude this head, I will mention another experi- 
ment, which I think decifive in fiwour of my opinion of the 
compofirion of fixed air. If filings of zinc be digefted in a 
cauftic fixed alkali in a gentle heat, the zinc will be difllblved 
with effcrvefccnce, and the alkali will be rendered in great 
meafure mild. But if, inftead -of filings of zinc, fknvers of zinc 
be ufed, and treated in the fame manner, there will be no 
folution, and the alkali will remain cauftic. In the firft cafe 
,the effervefcence artfes 'from the produfrion of inflammable air, 

which 
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which phloglfticateB the comt^pa ?ir coptigupp^ tp-it^ and, pro- 
duces fixed air^ Vrhich is impiediately ahforbed hy the alkali, 
and renders it rnild; In the feepnd cafe, no infiamntable air is. 
prodpeed, the common air is not phlogiftlcatcd, and confe- 
quently the alkali remains cauftic*. This experiment alfo, 
proves that metaflUc calces attraft fixed air more ftrongly thaa 
alkalies attract it j fon the calces of zinc are known to contah^ 
fixed air, and yet alkalies digefted with them remain cauftic s 
and this accounts for the flight turbidity of lim.-water when 
metals are calcined over it ; for as foon as the phlogifton ii^ 
difengaged fiom the metal, and beftre it has abforbed the 
whole quantity of fire requifite to throw it into the form of in- 
flammable air, it meets with the dephloglfticated part pf thp 
common air on the furface of the metal, and there forms fixe4 
air, w hich is inftantly abforbed by the calx with which it is ii^ 
contaff, fo that it is not to be wondered that it does, not unitp 
to the lime from which it is diftant,. 


Of the Deconipoftion <f Nitrous Air by mixture •with 
Common Air, 

AS foon as I had heard Mr. Cavendish’s paper read, I fet 
about trying wibether lime would be precipitated from lime- 
water during the procefs, an experiment 1 had never made 
before with common air, taking it for granted that it was fo, 
from the repeated experiments of Dr. Priestley, and indeed 
of all others who had treated this fubjcdl f : and, in eftedi, 

* See Mr, E^p^riracats zinc. Mem. Pajr* 1777* p. 7 & 8* 

+ Sec I Fr. 114, x8^ 2 Pr, 218* Font* Kccherchcs Tbyr. p* 7|. i Chy* 
jPij. 314. 
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when l .inade the experiment with nitrous air prepared and 
confined by the water of my tub, I found lime-water admitted 
to it inflantly precipitated. But after I had read Mr. Caven- 
dish’s paper, which he had the politeuefs to permit me, and 
had, according to his diredion, received the nitrous air over 
lime-water, I did not then perceive the leaft milkinefs after ad- 
mitting common air. After 12 hours I indeed perceived a 
whitifh duff, on the bottom of the glals veflel in which I made 
the experiment, which I cannot afl’ure to be calcareous ; and, 
on breathing into the lime-water, an evident milkinefs enfued; 
lb that I little doubt but the piecipitntlon 1 obferved in the iTrft 
experiment arofe from the decompofition of the aerial felenite 
contained in the water of the tub. And it is very pofiiblc that 
the precipitation of lime, which 1 perct ived fome years ago on 
mixing dephlogifticatcd air and nitrous air, might have arifen 
from the fame caufe, or from fixed air pre-contained in the de- 
phlogifticated, as this laft had not been walhed in lime-water. 
Yeti do not think the failure ofthis experiment at allconclufive 
againft the fuppofed produdion of fixed air on this occafion, 
becaufe the quantity of fixed air is lb fmall, that it may well be 
fuppofed to unite to the nitrous felenite formed in the lime- 
water. It is well known that a fmall quantity of fixed air is 
capable of uniting to all neutral falts: thus Dr. Priestley has 
extrafted it from tartar vitrlolate and alum, (2 Pr. 115, 116.) 
and gypfum, (2 Pr. 80.) ; and Dr. Mac Bride found it in nitre 
and common lalt, though in fmall quantity. But to try whether 
nitrous felenite would attrad: any, I made a folution of chalk in 
nitrous acid, which, when faturate, weighed 381,25 grains ; but, 
being expofed to the air fora few hours, it weighed 382,25. I 
afterwards took a very dilute nitrous acid, in which an acid tafte 
was barely perceptible, and impregnated it with a very fmall pro- 
portion 
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portion of fixed air, and then let fall a few drops of it into lime- 
water ; not the fmalleft cloud was perceived, and yet when I 
breathed into it afterwards it became milky in a tew feconds ; 
ib that this experiment Is perfedtly analogous to that in w'hkh 
nitrous and common air w'erc mixed. 

But if nitrous air and common air be mixed over dry mer- 
cury, the refult is intirely adverfe to the opiiiion of Mr. Ca- 
vendish, and favourable to mine ; for in this cafe the com- 
mon air is not at all diminilhed until water is admitted to it, and 
the mixture agitated a few minutes, and then the diminution is 
nearly the fame as if the mixture were made over water. Thus 
when I mixed two cubic inches of common air with one of 
nitrous air, they occupied the fpace of two inches and one- 
eighth, and the furface of the mercury was immediately cal- 
cined ; which (hews that the inch of nitrous air was dccom- 
pofed, and produced nitrous acid ; but the common air was un- 
diminifhed ; and the one eighth of an inch over and above tl>e 
two inches of common air, proceeded from an addition of new 
nitrous air, formed by the corrolion of the furface of the mer- 
cury. That the common air (hould remain undimininied is 
eafily explained in my (yftem, becaufe fixed air is formed, 
which, on this occalion, muft remain unabforbed, at leaf! for 
a long time, as there is nothing at hand that can immediately 
receive it ; and hence, if water be admitted loon after the mix- 
ture of both airs, the diminution will be nearly the lame as if 
the mixture had been originally made over water, though not 
exaftly the fame ; becaufe the nitrous air, produced by the 
rmion of the newly formed nitrous acid with the mercury, is 
not entirely abforbablc by water. But, in Mr. Cavendish’s 
hypolhefis, the common air Ihould be diminilhed juft as much 
as if the mixture were made over water ; for, according to him, 

Y 2 this 
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this dltnitiut*i< 5 fe 'Orifes from the converfiow of the ilephlogifti- 
catcd part bf the -common air into water, which water Should 
immediately unite to the nitrous fait of mercury, and leav© 
the common air Jeffened iji its bulk by a portion commenfurate 
to that converted into water, or, if he will not allow the water 
tb have immediately united tb the mercurial fait, at leaft hy 
the difference of the bulk of the water produced, and that of an 
equal weight of the common air converted into it : but neither 
happens ; for tlie common air is not at all diminilhed ; not 
can he explain, confiflently with his fyftem, why the admif- 
ffon of %vater Ihould immediately produce a diminution in the 
common air, as, according to him, it contains nothing that 
can be abforbed. Dr. Priestley has remarked, that if a mix- 
ture of both airs be fnftered to ftand feveral hours, even the ad- 
jniflion of water will produce no diminution. This is owing' 
to two caufes ; ift, becaufe a large quantity of nitrous air is 
produced, by the continued aftion of the concentrated nitrous 
acid newly formed; and, adly, becaufe the fixed air, on 
whofe abforption the diminution depends, is abforbed by the 
mercurial fait, as may be inferred from the experiment in 
I Lavoisier, p. 248. 

0/ iho Diminution of Common Air by the Ek^ric Spark. 

Of all the inffances of the artificial produftion of fixed air, 
by the union of phlogifton with the dephlogifticated part of 
common air, there is none perhaps fo convincing, as that ex- 
hibited by taking the electric fpark through common air, over 
a Iblution of litmus, or lime-water ; for the common air is di- 
minilhed one fourth, the litmus reddened, and the lime-Water 
precipitated, Mr. Cavendish indeed attributes the rednefs of 

the 



Mr. Cavendish’s Experiments m Air. ^ 

t?bie Utxnffls t0 fixed air ; b>it he thinks it proceeds fiora a xie- 
compofitioii of fome part -of the vegetable juice, as all vege- 
table juices contain fixed air. Yet that fuch a decompofition 
does not take place, I think may -be inferred from the following 
yeafoQS : firft, if the eledric fpark be taken through phlogifii- 
cated or inflammable air confined by litmus, no rednefs is pro- 
duced, the air not being in the lead; dim'uiilhed : and, zdly, 
if the litmus were decompofid, inflamitiablc air Ihould be pro- 
duced as wedl as fixeil air ; and then there fhould be ,an addition 
of bulk inftead of a diminution,; but wltat fets the origin of 
the fixed air from the phlogiftication of the common air beyond 
all doubt is, that if lime-water be ufed inftead of litmus, the 
dinakmtion is the fame, and die lime is preoipkated. Here 
Mr. Cavendish fays, the fixed air proceeds either from J^m 
Srt ttt the tube ; a fuppofitlon, which, being neither neceflary nor 
probable, is not adonilfible ; or elfe from fame co^nbujlibie matter 
in the lime ; but lime contains no combuftible matter, except 
perhaps phlogifton, which cannot produce fixed air but by 
uniting to the common air, according to my fuppofition ; but 
it is much more probable, that the diminution does not arife from, 
any phlogifton in the lime, as it is cxadly the fiune whether 
lime-water be ufed or not ; and the lime does not apj).'?ar to he 
in the leaft altered, and in faff contains fcarce any phlogifton. 


Of the diminution of Common by the Amalgamation of 
Mercury and Lead. 

I attributed this diminution to the phlogifticatloii of the 
common air bjr the procefs of amalgamation, and the confe- 
quent produftion and abforption of fixed air. On this Mr. Ca- 
vendish 
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VENDisH obferves, “ that mercury, fouled by the addition o 
** leader tin, depofits a powder which confifts in great meafuro 
“ of the calx of the metal : he found all'o, that Ibme powder of 
“ this fort contained fixed air ; but it is not clear that this air 
was produced by the phloglftication of the air in which the 
“ mercury was fhaken, as the powder was not prepared on 
** purpofe, but was formed from mercury fouled by having 
“ been ufed for various purpofes, and may therefore contain 
“ other impurities, befides the metallic calx.” On this I re- 
mark, that Dr. Priestley did not indeed at firft prepare this 
powder on purpofe ; but he afterwards did fo prepare it (4 Priest. 
p. 1 48, 1 49. ) and obtained a powder exactly of the fame fort ; and 
it is certain that the fixed air found in it proceeded from the 
common air, both becaufe metallic calces, not formed by amal- 
gamation, will not unite with mercury, as is well known ; and 
becaufe this calx cannot be formed by agitation of the mercury 
and lead, in phlogifticated, Inflammable, or any other air wlilch 
is not refpirable ; and the fixed air cannot proceed from any 
impurity, as mercury will not unite in its running form to any 
other but metallic fubftances, which it always partially dephlo- 
glfticates, like other menftruums (3Chy. Dijon, 425.). 

Of the Diminution of Refpirable Air by Combujlion. 

Though I have no doubt but the diminution of refpirable air, 
by the combuftion of fulphur and phofphorus, pi'ocecds alfb in 
great meafure from the prodiuflion and abforption of fixed air, 
yet I avoided mentioning this operation, as the prefence of a 
ftronger acid renders the prefence of a weaker impoffible to be, 
proved, more elpecially, as both thefe acids precipitate lime 
from Jime-water ; but the great increafe of weight which the 
3 phof- 
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phofphoric acid galus is a ftrong additional inducement to think 
that it abforbs fixed air. During the combuftion of vegetable 
fubftances, I think it highly probable that fixed air is formed, 
both from my own experiments on the combuftion of wax can- 
dles, and that mentioned in the firft volume of Dr. Priest- 
lev’s Obfervations, p. 136; but when inflammable air from 
inetals and deplilogifticated air are fired, as a great diminution 
takes place, and yet no fixed air is found, I am nearly con- 
vinced, by Mr. Cavendish’s experiments, that water is really 
produced ; noram I furpriAcd that, in this inftance, the union of 
piilogifton and deplilogifticated air ftiould form a compound very 
different from that which it forms in other inftances of phlo- 
giftication, but ftiould rather he led to expefl it a priori ; for in 
this cafe the phlogifton is in its moft rarefied known ftate, and 
unites to deplilogifticated air, the fubftance to which it has 
the greateft affinity, in circumftances the moft favourable to 
the clofeft and moft intimate union ; for both, in the aft of 
Inflammation, are rarefied to the higheft degree ; both give out 
their fpccific fire, the great obftacle to their union, it being by 
the inflammation converted into JinJible heat (a circumftance 
which, in my opinion, conftitutes the very efl'ence of flame) ; the 
rcfulting compound having then loft the greateft part of its 
fpecific fire, is neceflarily reduced, according to Dr. Black’s 
theory, into a denfer ftate, which the prefent experiment ftiew's 
to be water; whereas, in common cafes of combuftion, the 
phlogifton being denfer and Icfs divided, unites lefs intimately 
with the deplilogifticated part of common air, confequently ex- 
pels lefs of its fpecific fire, and therefore forms lefs denfe com- 
pounds, vi%, fixed and phlogifticated airs ; and fo much the 
more, as a great part intirely efcapes combuftion ; but it leems 

probable 
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probable that In very ftrong atidbright Inflammations, the tinioi^ 
is more perfcdl, and water formed. 

Water being then the refult of the clofeft and moft intimate 
union of depblogiftlcated air and phlogifton, it feems to me Very 
improbable, that it is ever decompofed by the affinity of any 
acid to phlogifton, as all the experiments hitherto made feem 
to prove, that phlogifton has a ftronger affinity to dephlogiffi-* 
catsd air than to any other fubftance, except hot metallic cal- 
ces ; and thefe, in my opinion, are incapable of forming any 
union with water, except as far as tlicy are faline, but they 
never can be reduced by it. So alfo water is incapable of 
uniting with any more phlogifton, as fulphur is, both being 
already faturated. 

Mr. Cavendish Is inclined to think, that pure inflammable 
air is not pure phlogifton, becaufe it does not immediately unite 
with dephlogifticated air, when both airs are Amply mixed with 
each other; this reafon feems to me of no moment, becaufe I 
fee feveral other fubftances, that have the ftrongefl: affinity to 
each other, refufe to unite fuddenly, or even at all, through 
the very lame caule that dephlogifticated and’ inflammable airs 
refule to unite; v/sr. on account of the fpecific fire which they 
contain, and muft lole, before fiich union can take place : thus 
fixed air will never unite to dry lime, though they be kept 
ever fo long together; thus, if water be poured on the ftrong- 
eft: oil of vitriol, they , will remain feveral weeks in contaft, 
witheut uniting, as I myfelf have experienced; and yet, in 
both cafes, the fpecific fire need be expelled only from one of 
the fubftances, and hot from both : but after a lobg time they 
will unite ; fo alfo will inflammable and dephlogifticated air, as 
Dr. Priestley has difeovered fince his laft publication. 
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That phlogifticated air ihould confill of fuperfaturated nitrous 
air, I think improbable, as it retains its phlogifton much more 
strongly than nitrous air, which, according to the general laws 
of affinities, it Ihould not, if it contained an excefs of phlogif- 
ton; and as Dr. Priestley and Mr. Fontana repeatedly af- 
fure us, they have converted it into common air, by wafliing it 
in water, in contaft withthe atmolphere. lam, Ss’c. 

London, R. KiRWAN. 
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XV. j^njiver to Mr. Klrwan’s Kern arks upon the Experiments on 
jiir. By Henry Cavcndifli, E/'j. F. R. S. and S. A, 


Read March 4, 1784. 


I N a paper lately read before this Society, containing many 
experiments on air, I gave my rcafons for fuppofing that 
the diminution which refpirable air fuflers by phlogiftication, 
is not owing either to the generation or feparation of fixed air 
from it ; but without any arguments of a perfonal nature, or 
which related to any one perfon who efpoul'es the C('ntrary doc- 
trine more than to another. This being contrary to the opinion 
maintained by Mr. Kir wan, he has written a paper inanfwer 
to it, which was read on the fifth of February. As I do not 
like troubling the Society with controverly, I lhall take no 
notice of the arguments ufed by him, but lhall leave them for 
the reader to form his own judgement of; much lefs will I 
endeavour to point out any inconfiftencies or falfe reafonings, 
fhould any fuch have crept into it ; but as there are two or 
three experiments mentioned there, which may perhaps be 
confidered as dilagreeing with my opinion, I beg leave to fay a 
few words concerning them. 

Mr. DE Lassone found that filings of zinc, digefted in a 
cauftic fixed alkali, were partially diflblvcd with a fmall efFer- 
vefcence, and that the alkali was rendered in fome mea- 

fure 
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fure milcl. This mildnefs of the 'alkali Mr. Kir wan accounts 
for by Tuppofing, that the inflammable air, which is fcparated 
during the folution, and caufes the effervefcence, unites to the 
atmofpheric air contiguous to it, and thereby generates fixed 
air, which is abforbed by the alkali. But, in reality, the only 
clrcumftance from which Mr. de Lassone judged the alkali to 
become mild, was its making fome effervefcence when faturated 
with acids ; and tliis effervefcence is more likely to have pro- 
ceeded from the expulfion of inflammable air than of fixed air, 
as it feems likely, that the zinc might be more completely 
deprived of its phloglfton by the acid than by the alkali. 

In the abovementioned paper I fay, Dr. Priestley ob- 
ferved, that quickfilvcr fouled by the addition of lead or tin, 
dcpofits a powder by agitation and expofurt to the air, which 
conliifs in great mcafurc of the calx of the Impcrf'eci: metal. 
He found too fome powder of this kind to contain fixed air ; 
but it muft be obfcrvtd, tliat the powder ufed in this experi- 
ment w'as not prepared on purpofc, but was procured from 
quickfilvcr fouled by lia\ ing been ufed in various experiments, 
and may therefore have contained other impurities befides the 
metallic cakes. On this Mr. Kirwan remarks, that Dr. 
Priestley did not at firfl prepaie this powder on purpofe, but 
he afterwards did fo prepare it (4 Pr. p. 148. and 149.)5 and 
obtained a powder exactly of the fame fort. It was natural to- 
fuppofe from this remark, that Dr. Priestley muft have ob- 
tained fixed air from the powder prepared on purpofe, and that 
I had overlooked the paflage ; but, on turning to tlie pages re- 
ferred to, I was furprifed to find that it was otherwife, and 
that Dr. Priest li y not fo much as hints that he procured 
fixed air from the powder thus prepared. 

Z 2 
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With regard to the calcination of metals it may be proper to 
remark, that this operation is ufually performed over the fire, 
by methods in which they are expoled to the fumes of the 
burning fuel, and which are lb replete with fixed air, that it is 
not extraordinary, that the metallic calx Ihould, in a Ihort 
time, abforb a confiderable quantity of it ; and in particular 
red lead, which is the calx on which moft experiments have 
been made, is always fo prepared. There is another kind of 
calcination, however, called rafting, which is performed in 
the open air ; but this is fo flow an operation, that the ruft 
may eafily Imbibe a fufficient quantity of fixed air, not- 
wlthftandliig the fmall quantity of it ufually contained in the 
atmofphere. 

Mr. Kirwan allows that lime-water is not rendered cloudy 
by the mixture of nitrous and common air; but contends that 
this does not prove that fixed air is not generated by the union, 
as he thinks it may be abforbed by the nitrous ielenlte produced 
by the union of the nitrous acid with the lime. This induced 
me to try how fmall a quantity of fixed air would be perceived’ 
ill this experiment. I accordingly repeated it in the fame man- 
ner as deferibed in my paper, except that I purpofely added a 
little fixed air to the common air, and found that when this 
addition was .^.'^th of the bulk, or -/.^th of the weight of the 
common air, the effect an the lime-water was fuch as could 
not poflibly have been overlooked in my experiments. But as 
thofe who fuppofe fixed air to be generated by the mixture of 
nitrous and common air, may objedl to this manner of trying 
the experiment, and fay, that the quantity of fixed air ab- 
Ibrbed by the lime-w'ater was really more than th of the 
bulk of the common air, being equal to that quantity over 

and 
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anJ above the air generated by the mixture, I made another 
experiment in a different manner; namely, 1 filled a bottle 
with lime-water, previoufly mixed with as much nitrous acid 
as is contained in an equal bulk of nitrous air, and having in- 
verted it into a veflcl of die fame, let up iuft) it, in the lame 
manner as in the above-mentioned experiments, a mixture of 
common air with ^'^tlrof its bulk of fixed air, until it was 
half fuH. The event was the fame as before ; namely, the 
cloudincfs produced in the lime-water was fuch that I could 
not poflibly have overlooked. It muft be obftrved, that in this 
experiment no fixed air could be generated, and a ftill greater 
proportion of the lime-water was turned into nitrous felcnite 
tlian in the above-mentioned experiments ; fo that we may 
fafely conclude, that if any fixed air is generated by the mix- 
ture of common and nitrous air, it muft be lefs than -/yth of 
the bulk of the common air. 

As for the nitrous felcnite, it feenis not to make the eft'eft; of 
the fixed air at all Icfs fenfible, as I found 1iy filling two bottles 
with common air mixed with T.‘-j,dth of its bulk of fixed air, 
and pouring into each of them equal quantities of diluted lime- 
water; one of theie poitlons of lime-water being previoufly 
diluted with’ an equal quantity of diftillcd water, and the otlier 
with the fame quantity of a diluted lolution of nitrous felcnite, 
containing about .^4.-j,dth of its weight of calcareous earth 
wl)en I could not perceive that the latter portion of lime- 
water tvas rendered, at all lefs cloudy than the former. Though, 
the nitrous felenite, however, does not make the efieft of the 
fixed air lefs fenfible, yet the dilution of the lime-water, in 
conlcquencc of fome of the lime being abforbed by the acid,, 
does; but, I believe, not in any remarkable degree.. 


Thera.- 
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There is an experiment mfentioned by Rffr. Kirwan which, 
thovigh it cannot be confidered as an argument in fiwour of the 
generation of fixed air, as he only fuppofes, without any proof, 
that fixed air is produced in it, does yet deferve to be taken 
notice of as a curious experiment. It is, that, if nitrous and 
common air be mixed over dry quickfilver, the common air is 
not at all diminifhed, that is, the bulk of the mixture will be 
not lefsthan that of the common air employed, until water is 
admitted, and the mixture agitated for a few minutes. The 
reafon of this in all probability is, that part of the phlogifti- 
eated nitrous acid, into which the nitrous air is converted, re- 
mains in the flatc of vapour until condenfcd by the addition of 
water. A proof that this is tire real cafe is, that, in this man- 
ner of performing the experiment, the red fumes produced on 
mixing the airs remain vifible for fome hours, but immediately 
'difappear on the addition of water and agitation. 

The moil: material experiment alledged by Mr. Kirwan is 
•one of Dr. Priestley’s, in whicli he obniined fixed air from 
a mixture of red precipitate and iron filings. Tliis at firfl 
leems really a ftrong argument in favour of the generation of 
fixed air ; for though plumbago, which is known to confifl 
chiefly of that fubftance, has lately been found to be contained 
in iron, yet one would not have expedled it to be decom- 
pounded by the red precipitate, efpecialiy when the quantity of 
pure iron in the filings was much more than fufficient to fupply 
the precipitate with phlogifton. The following experiment, 
however, fhews that it was really decompounded ; and that 
tlie fixed air obtained was not generated, but only leparated by 
means of this decompofition. 

500 grains of red precipitate mixed with 1000 of iron filings 
yielded, by tiie affiflance of heat, 7800 grain meafures of fixed 

air, 
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air, bcfides 24.00 of a mixture of dephloglfticated and inflam- 
mable air, but chiefly the latter. The fame quantity of iron, 
filings, taken from the fame parcel, was then dlflTolved in di- 
luted oil of vitriol, fo as to leave only the plumbago and other 
impurities. Thefe mixed with 500 grains of the fame red 
precipitate, and treated as before, yielded 9200 grain mea- 
lures of fixed air, and 4200 of dephlogilVicatcd air, of an in- 
different quality, but without any Icnfible mixture of inflam- 
mable air. It appears, therefore, that lefs fixed air was pro%. 
duced when the red precipitate was mixed with the iron filings 
in fubftance, than when mixed only with the plumbago and 
other impurities ; which fhews, that its produdlion was not 
owing to the iron itfelf, which feems to contain no fixed air, 
but to the plumbago, which contains a great deal. Tlie rea- 
fon, in all probability, why lei's fixed air was produced in the 
firft cafe than the latter is, that in the former more of the 
plumbago efcaped being decompounded by the red precipitate 
than in the other. It mull be obferved, however, that tlie 
filings ufed in this experiment were mixed wllh about .’^th of 
their weight of brafs, which was not difeovered till they were 
dllfolved in the acid, and which makes the experiment Icls de- 
cifive than it would otherwife be. The quantity of fixed air 
obtained is allb much greater than, according, to Mr. Br Ro- 
man’s experiment, could be yielded by the plumbago ufually 
contained in 1000 grains of iron; fo that though tlic experi- 
ment feems to fhew that the fixed air was only produced by. 
the decompofition of the impurities in the filings, yet it cer- 
tainly ouglit to be repeated in a more accurate manner. 

Before I conclude this paper, it may be proper to fum up i 
the fate of the argument on this fubjeft. There are five me- 
thods of phlogillication confidered by me in my paper on air ; 

namely,, 



1 76 Mr . Cavendish’s Anfuoer io 

namely, fiifi:, the calcination’ of metals, either by tliemfclves 
or when amalgamated with quickfilver ; fecondly, the burn- 
ing of fulphur or phoffihorus ; thirdly, the mixture of nitrous 
air ; fourthly, the exploiion of inflammable air ; and, fifthly, 
the cleftric fpark ; and Mr. Kirwan has not pointed out any 
other which he confiders as unexceptionable. Now the Lift of 
thefc 1 by no means confidcr as unexceptionable, as it 'leems 
much moft likely, that the phlogiftication of the air in that 
experiment is owing to the Lurning or calcination of fome fob- 
ifance contained in the apparatus*. It is true, that I have n« 
proof of it ; but there is fo much probability In the opinion, 
that till it is proved to be ’erroneous, no conclufion can be 
drawn from fuch experiments in favour of the generation of 
fixed air. As to the firft method, or the calcination of metals, 
tliere is not tlie leaft proof that any fixed air is generated, 
though we certainly liave no direft proof of the contrary ; nor 
did I in my paper infiuuate that we had. The fame thing may 
•be {aid of the burning of fulphur and phofphorus. As to the 
■mixture of nitrous air, and the combuftion of inflammalile air, 
it is proved, that if any fixed air is generated, it is fo fmall as 
to elude the niceft teft we have. It is certain too, that if k 
had been lb much as ,-Vth of the bulk of the common air em- 
ployed, it would have been perceived in the firft of thefe me- 
thods, and would have been fenfible in the f'econd though 
ftill lefs. So that out of the five methods enumerated, k has 
been fhewn, that in two no fenfible quantity is generated, and 
not die leaft proof has been aftigned that any is in two of the 

* In the experiment with the litmus I attribute the fixed air to the burning of 
the litmus, not decompofition, as Mr. Kirwan reprefents it, which is a fufiicient 
rcafon why no fixed air fliould be found when the expciimcnt is tried with air in 
which bodies will not burn. 
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others ; and as to tlie kft, good reafons have been affigned for 
thinking it inconclufive ; and therefore the conclulion drawn 
by me in the above-mentioned paper feems fufficiently juftified ; 
namely, that though it is not impoflible that fixed air may be 
generated in fome chemical procefles, yet it feems certain, that 
it is not the general effe£l of phlogifilcating air, and that the 
diminution of common air by phlogiftication is by no means 
owing to the generation or reparation of fixed air from it- 
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XVI. Reply to Mr. Cavendifh’s Anfwer, 
By Richard Kirwan, BJq. F. R. S. 


Read March 1 8, 1 784. 

I MEAN to trouble the Society but with a very fe%v words 
in reply to Mr. Cavendish’s anfwer, as I confider the 
greater part of mine to him as ftill unanfwered. 

In the firfl place, he fays, that in Mr. Lassone’s experi- 
ment the cfFervefcence proceeded not from any fixed air in the 
alkali, but from the further adion of the acid on the zinc from 
which inflammable air was difengaged. But this could not have 
happened ; for, firft, the zinc, inftead of being further a£ted on 
by the acid, was precipitated according to Mr. Lassone’s own 
account (p. 8.) ; and, fecondly, the acid was only added by 
degrees, and undoubtedly would unite to the alkali preferably 
to the zinc ; therefore it was from the alkali, and not from the 
zinc, that the elFervefcence arofe. 

zdly. With regard to the calcination of lead ; though in 
England the fmoke and flame may come in contafl; with the 
metal, yet in Germany red lead is formed without any com- 
munication between them, according to Mr. Nose, who has 
given an ample account of this manufadlory (p. 86.), Is not 
lime formed in contadl with fuel, flame, and fmoke? Mr. 
Maccluer even thinks it probable, that the contadl of flame 
is hurtful to the produdlion of minium (2 Did. Chy. 639.). 
Mr. Mon NET made minium by meltbg lead in a cuppel, in 

fuch 
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fuch a manner that it was itpfo^Ue it could come in contact with 
the leaft particle of flame or fmoke (Mem^Tyrin, 1769, p. 71.). 

Mr. Cavkmdish expreffes his furprlfe nt my aflerting, that 
the black powder, which Dr. Priestley formed out of an 
amalgam of mercury and lead, was exadlly the fame as tliat 
out of which he had extraded fixed air; but, I think, 1 have 
afligned very fufRcient reafons for nay opinion ; how far I was 
right will heft appear by Dr. Priesti.ey’s own letter, in the 
hands of the Secretary, of which the following is an extradf. 

“ I certainly imagined the twm black powders you write 
“ about to be of the fame nature, and therefore did not at- 
“ tempt to extradl any air from the latter ; but immediately 
“ on the receipt of your favour of yefterday, I diflblved an 
“ ounce of lead in mercury, and expelling it by agitation, 
“ put the black powder, which. weighed near 12 ounces, into 
a coated glafs retort ; then applying heat, I got from it about 
*• 20 ounce meafures of very pure fixed air, not of which 
“ remained unabfbrbed by Water.” 

Fourthly, it is impoffible to attribute the fixed air, produced 
by the difliilation of red precipitate and filings of iron, to 
the decompofition of the plumbago contained in the iron ; 
for the quantity of fixed air produced in Mr. Cavendish’s 
own experiment is more than fwice the weight of the 
whole quantity of plumbago contained in the quantity of 
iron he ufed, fuppofing the whole of the plumbago to 
to confift of fixed air, which is not pretended ; and more than 
eight times the weight of the quantity of fixed air which 
plumbago really contains. For Mr. Cavendish employed in 
his experiment 1000 grains of iron and 500 grains of red pre- 
cipitate, and obtained 7800 grain meafures of fixed air, which 
are equal to 30 cubic inches, and weigh 1 7 grains. Now 1 00 
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grains of bar iron contain, according to Mr. Beromak, at moft, 
two-tenths of a grain of plumbago ; and confequently looo grs. 
of this iron contain but two grains of plumbago; and plumbago, 
according to Mr. Scheele, contains but one-thirdof its weight 
of fixed air ; fo that here, fuppofing the plumbago to be de- 
compofed, we can have at moft but feven-tenths of a grain of 
fixed air, or little more than one cubic inch. If we fuppofe 
the filings to be from fteel, looo grains of fteel containing 
eight of plumbago, we may have about 2,5 of fixed air, or 
about 1,5 cubic inch, and this is the ftrongeft fuppofition, 
and the mofi- favourable to Mr. Cavendish. What /ball we 
then fay, if we confider that thefe filings were mixed with 
copper or brafs which contain no plumbago? and, above all, 
that plumbago cannot be fuppofed decompofable by red preci- 
pitate, fince even the nitrous acid cannot decompofe it ? 

5thly, With regard to the power which nitrous felenite has 
of abforbing fixed air, I muft allow the experiments of Mr. 
Cavendish to be juft and agreeable to my own ; but it only 
follows, that when fixed air is in its mfeent ftate, it is more 
abfbrbable. Thus many metallic calces take it from alkalies 
in its nafeeni ftate, though in other circumftances they will 
take none. 

Laftly, the permanence of a mixture of nitrous and com*- 
mon air, made over mercury, cannot be attributed to nitrous 
vapour, as vapour is not elaftic in cold ; befides, I have often> 
made the mixture without producing any fuch durable vapour,, 
and this will always happen, when the nitrous air is made froirb 
nitrous acid fufficiently diluted. 
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XVII. On a Method of defer thing the relative Pefihns and Mag- 
nitudes cf the Fixed Stars ; together with fome Jfronomicat 
Ohfervations, By the Rev. Francis Wollaftoto, LL.B, 
F. R, S. 


Read February 5, 1 7^4. 

F rom Ibme alterations which have of late years been dif- 
covered, in the relative pofitions and apparent magnitudes 
of a few of the flars we called fixed, it feems not unreafona- 
ble to conclude, that there may be many changes among others 
of them we little fufpefl. This thought has led me into a wilh, 
that fbme method were adopted whereby to detedt fuch mo- 
tions. The firft idea which occurred to me was, to make a 
propofal to aftronomers In general ; that each fhould undertake 
a fri£i examination of a certain diftrldl in the heavens ; and, 
not only by a re-examination of the catalogues hitherto pub- 
llfhtd, but by taking the right afeenfion and declination of 
every ftar in their feveral allotment, to frame an exad map of 
it, with a correfponding catalogue ; and to communicate their 
obfervations to one common centre. This is wh ic I could 
be glad to fee begun. Every aftronomer muft vvifli it, and there- 
fore every one (hould be ready to take his fhare ui it. Such 
a plan, undertaken with fpirit, and carried on gradually w'ith 
care, would, by the joint labours and emulation of lb many 
aftronomers as are now in Europe, produce a celeftial Atlas far 
beyond any thing that has ever yet appeared. 
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But this would be a work of time, and not within the cocti- 
pafs of every one. What 1 mean now to propofe is more im- 
mediate ; and not out of the reach of any who amufe theta- 
ielv^ with viewing tile heaven yr bodies* 

Meridian altitudes and tranhts can be tak& biut once in 24 
;hUurt i and, though accurate, are therefore tedious. Neither 
■can any re-examination of them be made, but with the fame 
labour as at the firft. Equatorial fedtors are in the hands of 
iew-; and require great ikill. Some more general method 
deemed wanting ; to difeover variations, which, when detedled 
•or only furmifed, ihould be configned immediately to a more 
ftrift inveftigation. 

Turning this in my thoughts, I confidered, that the noting 
down at the time the exadl appearance of what one fees, would 
be far more fimple, and {hew any alterations in that appearance 
more readily, than any other method. A Drawing once made 
would remain, and could be confulted at any future period; 
and if it were drawn at firfl with care, a tranfient review 
would difeover to one, whether any fenfible change had taken 
place fince it was laft examined. Catalogues, or verbal Deferip- 
tions of any kind, could not anfwer that end fo well. 

To do this with eafe and expedition was then the requifite : 
>and a tdefcope with a large field, and fome proper fub-divifions 
in it, to diredt the eye and affift the judgement, feemed to bid 
‘moll fair for fuccefs. 

The following is the method which, after various trials, I 
diave adopted, and think I may now venture to recommend. 

To a night-glafs, but of Dollond’s improved conflrudlion, 
which magnifies about fix times, and takes in a field of jufl 
about as many degrees of a great circle, I have added crofs 
wires, iuterfeding each other at an angle of 45°. More wires 
6 may 
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may be crofled in other directions S but 1 ' apprehend thefe wlh hb 
found fivfficknt. This tekfcope I mount on a poiar axis. One- 
coariely made, and without any divifions on its circle of decli- 
nation, will anlwer this purpofe, fince there is no great occa- 
jfion for accuracy in that refpeCl: ; but as the heavenly bodies are 
more readily followed by an equatorial motion of the telefcope, 
fo their relative pofitions are much more eafily difcerned when 
they are looked at conftantly as in the fame direction. An ho- 
rizontal motion, except in the meridian, would be apt to miflead 
the judgement. It is fcarcely neceflary to add, that the wires 
muft ftand fo as for one to deferibe a parallel of the equator 
nearly. Another will then be a horary circle ; and the whole 
area will be divided into eight equal feCtors. 

Thus prepared, the telefcope is to be pointed to a known ftar, 
w'hich is to be brought Into the centre or common interaction 
of all the wires. The relative pofitions of fuch other ftars 
as appear within the field, are to be judged-of by the eye : 
whether at |, or 4 , or | from the centre towards the cir- 
cumference, or vice verjd ; and fo with regard to the nearefi: 
wire refpeCtively. Thefe, as one fees them, are to be noted 
down with a black-lead pencil upon a large meffage card held 
in the hand, upon which a circle, fimilarly divided, is ready 
drawn. (One of three inches diameter feems moft convenient.) 
The motion of the heavenly bodies in fuch a telefcope is fo 
flow,, and the noting down of the ftars fo quickly done, that 
there is moft commonly full time for it without moving the 
tselcfcope. When that is wanted, the principal flar is eafily 
brought back again into the centre of the field at pleafure,. 
and the work refumed. After a little practice, it is aftonifliing 
how near one can come to the truth in this way : and, though 
neither the right afeenfions nor the declinations-are laid down 

by. 
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by it, nor the diftances between the ftars rocafured ; yet their 
apparent lituatlons being preferved in black and white, with 
the day and year, and hour if thought neceflary, written un- 
■derneath, each card becomes a regifter of the then appearance 
of that fmall portion of the heavens ; which is eafily re-exa- 
mined at any time with little more than a tranfient view ; and 
which yet will Ihew on the firft glance, if there Ihould have 
happened in it any variation of confequence. It is obvious, 
that very delicate obfervations are not to be made in this way. 

In order to explain ray meaning more fully, a card fo marked 
(hall accompany this paper (fee tab. V.fig. i.). Wiiat I firft hap- 
pened to pitch upon was the conftellation of Corona Borealis, 
which then fronted one of my windows; and whicli I have fince 
purfued throughout in this method ; making the ftars 0, y, 
S, i, I, jc, “jr, 0, <r, and t, fucceflively central ; together 

with one or two belonging to Bootes, for the fake of connect- 
ing the whole together. Thcfe I have transferred fince on a 
fheet of paper, to try how well they would unite into one 
map; which they have done with very little alteration. A 
copy of that ftiall alfo be laid before this Society (fig. 2 .). 

My defign was, after marking down all fuch ftars as arc vlfi- 
ble with fo fmall a magnifier, to go over the whole again with 
another telefcope of a higher power, divided in the lame way ; 
and after that, with a third and a fourth ; fo as to comprehend 
every ftar I could difeern. That would difeover fmallcr 
changes : but it muft be a work of time, if attempted at all. 
After fuch a rough map of the conftellation is made, the en- 
deavouring to afeertain the right afcenfions and declinations of 
thefe, may perhaps be advifeable in the next place, rather than 
Searching for more. 


In 
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In obferviiig in this way it is manifeft, that the places ot‘ 
fuch ftars as happen to be under or very near any one of the 
wires, mull be more to be depended upon, than of what are in 
die intermediate fpaccs, efpecially if towards the edges of the 
field : lb alfo what are neareft to the centre, becaufe better de- 
nned, and more within the reach of one wire or another. For 
this realbn, differeitt liars in the fame fet mull fucccffively be 
made central, or brought towards one of the wires, where any 
fufpicion arifes of a millake, in order to approach nearer to a 
certainty : but if tlie Hand of the tclefcope be tolerably well 
adjullcd and fixed in its place, that is foon done. 

In fuch a glafs it is very leldom that light is wanting fuffi- 
cient to difeern the wires. When an illuminator is required, 
I find, that for this purpole, where you wilh to fee every fmall 
liar you can, a piece of card or white palle-board, proje£ling 
on one fide beyond the tube, and which may be brought for- 
ward occafionally, is better than one of any other kind. By 
cutting acrofs a fmall fegment of the objeiSl-glafs, it throws a 
lufficient light down the tube, though a candle is at a great 
dillance ; and one may lofe fight of that falfe glare when one 
pleales, by drawing back the head, and moving the eye a little 
fide-ways, and then one fees the fmaller liars jull as well as if 
no illuminator were there. 

This then is the method I would recommend to the pradlical 
allronomer, for becoming acquainted with the appearance of 
the liars, and fetting a watch over the licavcnly motions. 
After a very few trials, every one would find this eafy. And if 
each perfon of every rank among allronomeis would take a 
conllellation or two under his care, the nutabers who could 
undertake it in this way would compenl'atc for the defects ot 
a plan which cannot afpke at great accuracy. 'I'he laliour ot 
Von. LXXIV. B b * it. 
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it, even at firft, is but little. It has coft me more time indeed 
than 1 ought commonly to allot to mere amufement ; becaufe 
I had my apparatus to contrive, and ilveral different and fruit- 
lefs fehemes to try, before 1 could latisfy myfclf But a quar- 
ter, or at the mod half, an hour is generally lufficient for the 
marking of one pretty full card in this way; and when once 
the cards arc marked, and a general map of the conftcllation is 
formed, a little time given to it in a fine evening, t6 examine 
whether the liars on tuch or fuch a card remain in their former 
polition, is little trouble indeed. Perfevcrance is moft likely to 
be wanting, and therefore mufl: be determined upon ; becaufe, 
after finding things time after time jiill: as they were, one’s 
hopes of difeovering any tiling new will flacken. But the dif- 
f, rentllate of the air, or of one’s own eye, will frequently 
occafion a frefh ftar to become vifible, or a I'mall one which 
had been noted down to feem to have difappeared j and fuch a 
mere accident will ferve to re-kindlc the defire of pnrfuing it. 
Befides, if we obferve no change after a tolerable interval of 
arduous fearch, we may at any time turn to another conflel- 
latlon ; yet ought we never to abandon the. former entirely, 
after having once publickly undertaken it, without giving no- 
tice of our fo doing. 

In the cards or maps, it may be obferved, I have not marked 
the refpedfive Cues of the ftars. Nor have I dillinguilhed them 
in any way, excepting a few of them with Bayer’s Greek 
letters. It was becaufe I have not hitlierto fatisfied myfelf how 
to do it. Some method mufl: be ufed by every one, to deferibe 
to liimfelf what he means ; but, in laying any thing before the 
public, a deference ought to be paid to what has been done by 
others. The calling any ftar by a new name would breed con- 
fufion : and as I was defirous this Ihould appear before this 

Society 
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Society in its firfl rude form, tliat a judgement ir.ig'u Ijc mule 
from it how far fucli a feheme would promilc fua\!^, I was 
unwilling to look into catalogues or capital maps for the num- 
bers or names of the ftars, left I fliould be tempted to adapt 
the pofitions of what I had obferved to wdiat I there found fet 
down by more able aftronomers. Nothing, therefore, but a 
hemifpherc of Sen ex has been confulted, juft for knowing 
how far the conftellation is ufually reckoned to extend, and 
what are Bayer’s references. 

Should tliis plan meet with approbation, I (hall be happy to 
have propofed it ; and will endeavour to forward it in any way 
that (hall be judged proper ; or ftiould any other be preferred, 
which is within the abilities and leifure of one who is engaged 
in another profeffion, I lhall be as happy to lend what alliftance 
I can to it. My aim is only, to render fuch obfeivations as I 
am capable of making, ul'eful to fcicnce. 

Before I conclude on this head, give me leave to add a few 
hints. Whether this method be followed, or any other, if a 
general plan be fet on foot, whoever undertakes a conftellation, 
or diftridt, fhould determine to examine it with as great accu- 
racy as he can ; yet never be aflaamed to let others know of 
his miftakes. The error of one proves a caution to another. 
Such a rough Iketch, once made, will be found of great ufe to 
moft of us, in knowing which ftar next to examine with 
greater care. He who can do no more than this, will do a ufe- 
ful work by going thus far ; and his frequently fweeping over 
his dlftridf in this way, may lead him to a difeovery which 
might efcape a more regular aftronomer. But whoever can, 
ought to do more. By degrees the exadl pofitions of every ftar 
he has noted down may be afeertained, by the method pradlifed 
by Mr. De la Caille in his Southern Herolfphere, or by any 

B b 2 other 
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other which fhall be efteemed more convenient. Every one, 
indeed, muft ufe fuch inftruments as he can procure : but affi- 
duity can do more with indifferent ones, than will ever be ac- 
eomplifhetl with the very beft without it. Wliatever references 
nre made for one’s own convenience, when a map and catalogue 
are given to the public ftock, the old letters and numbers 
jfhould be retained as far as they go : though yet notice fhould 
be taken, where the magnitudes of the ftars at prefent do not 
appear to correfpond with the order in which they have been, 
laid down. 

To render this more complete, It were to be wifhed, that 
each fhould give in a copy of his original obfervations, with an 
account of the inftruments he ufed ; fince they ought to be 
preferved as data from whence his dedudlions were made,, 
which may then be re-examined at any future time^ Yet muft 
it be defired, that no one would truft himfclf without carry- 
ing on his calculations as Taft as the obfervations are made : 
they will otherwife multiply upon his hands till the labour will 
difhearten him from attempting it at all. A heap of crude, 
tindigcfted obfervations would be an unwelcome prefent to the 
public. 

Having thus ftated this Propofal, I fhall leave it to be pro- 
ceeded upon, or not, as fhall be feen proper ; And will now 
only fubjoin a Lift of fuch occafional obfervations as I have had 
opportunity of making, fince the laft which I communicated to 
this Society. I find, indeed, that it is much longer than I had 
apprehended : but as I perceive fome aftronomers abroad have 
deferred to a few of thofe which have been honoured with a 
place in otlr Tranfaftions,. it may be as well to follow it up. 
An obfervation. retaiiied among one* s own private papers I hold 
lo be of little ufe. 


One 
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One thing let me defire Foreigners to remark ; that the re- 
gifters I gave of the going of my clock were meant only as 
the relations of a mere fa ^ ; that a clock, of fuch a conftruc- 
tion, kept or altered its rate fo or Jo. They feem to have un- 
derftood it as an account of a capital clock, by valuing them- 
felves upon fome of theirs going better. The time-keepers in 
moft of our Obfervatories are far more accurate ; but, excepting 
thofe of the Royal Obfervatory at Greenwich, their accuracy 
is not made public. 

Another remark it may alfo be proper to make; that, fince 
my former papers, the longitude of this place has been afeer- 
tained by comparative oblervations on the burfting of fome 
rockets, let off on purpofe ; which, on a mean of feveral, 
turns out to be 19^,02 in time E. of Greenwich Obfervatory; 
that is, it may hereafter be confidered as , inftead of 
18 '', 6 as I had before calculated it trigonometrically from the 
bearings. 


Obfervatiem 



190 JW). WoLf-AStON’s Ohfefvatmu 


Ohfervatiom made at Chiflehurfl:, , ;V/ Kent, longitude 19" in 
time Eaji of the Royal Objervato) y at Gicenwich, and lati'- 
tude 51'^ 24' 33" Noiih. 

EcIIpfe of the moon, cT July 30, 1776: obfervcd with 
n 3! feet achromatic telefcope, and a power magnifying 
29 times (that is, a lingle eye-glafs belonging to the day-tube) 
the aperture of the telefcope being reduced to 1 i inches. The 
night very clear and ftill. 


Apparent time, 
h. ' " 

The beginning not properly obfervcd. 
10 ir 31 Grimaldus touched by the fhadow. 

10 12 49 - covered. 

10 14 5 Galilasus covered. 

10 19 36 Ariftarchus covered. 

10 26 o The fpot in Kepler bifccled. 

10 24 25 Schikardus (but touched. 

10 25 52 ----- bifeiled. 

10 27 19 ----- covered. 

10 28 15 Copernicus touched. 

10 29 49 - - covered. 

10 31 22 Helicon (but covered. 

10 37 9 Plato touched. 

10 37 54+ - covered. 

10 38 55 Tycho touched. 

10 39 39 - - bifetSled. 

JO 40 25 - - covered. 


Manlitus 
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Mr. Wott Aston’s Jfironmical Obfervatms, 

Apparent time, 
h, ' " 

lo 43 1 6 Manillus covered.. 

lo 46 51 Menelaus covered. 

10 48 5 Dlonyfms covered. ^ 

JO 55 4 Cenforinus covered. 

10 58 57 A point (Promontorium acutum, I believe) touched.' 

11 o 2 1 A Ipot between M. Foecundltatis and M. Nedlaris 

touched. 

II o 23 M. Crifium touched. 

3 55 - - - covered. 

IX 7 57 The eclipfe feemingly total. 

II II II The moon covers a fmall ftar near her foutli limb. 

I'he flar hangs on the limb, before it difappears. 

11 28 17 She covers anotlier ftar a little fouth of her centre. 

This vanifhes inftautaneoufly. 

Thcfe occultations were obl'erved with arother 
power of the fame telefcope ; which is ufually 
reckoned loo, and which I have formerly fo 
called; but which on an accurate examination 
really magnifies almoft 7 5 times. 

The emerfions of thefe ftars were not obferved. 

12 43 o I judge the beginning of the emerfion tobetbout 

this time ; but cannot be certain. 

1 2 48 I Giimaldus quitted by the lhadow. 

12 58 25 Ariftarchus quitted. 

12 59 22 Kepler bife£led. 

13 o 15 Tycho begins to emerge. 

13 1 9 - - bife£fed. 

*3 * 53 " “ emerges. Till this time I had ufed the 

whole aperture (3,6) having forgotten to reduce 

it,. 


I 
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A;>parcnt liaie. 

h. ' '' 

it, till the moon’s brightnefs reminded me. Same 
power as at firft ; that is, 29. 

13 6 51 Copernicus begins to emerge. 

13 720 - - - feemingly bife^ed. 

13 819 - - - emerges. 

13 10 27 Helicon emerges. 

J3 15 26 Plato begins to emerge. 

13 16 31 - - emerges. 

13 21 30 Mauilius emerges. 

13 23 54 Dionyfius emerges. 

13 24 57 Menelaus emerges. 

13 29 47 Cenforlnus emerges. 

13 31 21 The fpot by M. Foecunditatis emerges. 

13 35 31 The point of Prom. Acutum emerges. 

13 37 21 4- M. Crifium begins to emerge. ^ 

13 40 26 '■ - - quitted by the fliadow. 

*3 42 O The end of the eclipfe. 

The air was very clear and ftill the whole time : the 
lhadow but ill defined. Indeed, it was little more 
than a penumbra ; the principal fpots remaining 
' always vifibie on the moon’s dulky face. 

Eclipfe of the fun June 24, 1778 : obferved with a 3I feet 
achromatic telefcope magnifying 75 times. The aperture 
reduced to two Inches, to prevent breaking the fmoked 
glafies. 

3 41 33,5 Beginning. I fiifpeft the minute to be miftaken, 
and that It fhould be 3 -h. 40' 33", 5- The firft 
2 imprcffion 
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Appweat time. 

unpreiiion could not be a", I believe not i", 
before I obfcrved it. 

5 35 a4 End. An undulation on the fun's limb ; but the 

obfervation pretty good. 

Eclipfe of the moon i November 23, 1 779 : obfetved with the 
fame telefcope, magnifying 75 times. The aperture reduced 

to two inches. Night clear and frofty. No wind. 

/ 

The beginning not afcertained. 

6 13 19 Grimaldus touched by the ftiadow. 

6 13 28 - - - covered. 

6 1 7 29 Ariftarchus covered. 

6 20 46 Kepler bifedled. 

6 23 40 M. Humorum touched. 

6 27 47 Helicon covered. 

6 28 40 Copernicus and Tiraocharis both bifefted. 

6 29 57 M. Humorum covered. 

6 33 50 Plato touched. 

6 34 27 - - covered. 

6 41 52 Tycho touched. 

6 43 8 - - covered. 

6 47 1 1 Plinius (but ^,) covered. 

6 59 I M. Crifium touched. 

7 3 16 - - - covered. 

7 731 The ccliple total. 

8 46 23 Moon’s edge begins to emerge. 

8 51 14 Grimaldus begins. 

8 52 1 - - - emerges. 

A haze comes on. 

VoL. LXXIV. C c 
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Apparent time, 

h, ' " 

9 a 23 Kepler bife^l:ed. This not cleai% feen. 

9 II 41 Plato begins t6 emerge. 

9 12 35 - - emerges. 

9 13 46 Tycho emerged. 

The haze comes on again too much for the obferva- 
tion to be purfued any farther. 

Eclipfe of the fun ^ 0 £l. 16, 1781: obferved with die fame- 
telefcope and magnifying power. 

The beginning not vifible ; fun top low. 

20 22 13.5 The end. Good. 


Eclipfe of the Moon 5 Sept. 10, 1783 : obferved with the fame 
telefcopc, viz. 3! feet achromatic, with the aperture reduced 
to two inches ; but with a fmall magnifying power of 36 
times, which 1 liad made by Mr. Doli.onI) for thefe obfer- 
vations, and whlcli I found very convenient. Night a little 
hazy, but pretty favourable. 

933 o A dufkinefs comes on the moon. 

9 45 35 The beginning of the fhadow, I believe. 

9 47 20 A hazinefs obfeures the moon. 

9 50 35 Ariftarchus covered. 

9 5 2 20 Kepler covered. So it is fet down ; but I do not 
recollefi: what I meant by this ; whether it might 
not be only the fpot in tfie centre, fo that it 
might mare properly be called bifeiled. • 

GalTendus 
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Apparent time, 

li. ' " 

‘ i s) 57 Gafl^ntJus covsB'fe<}i I fufpeifl the minute here; and 
thatit Aodldbe 56' 57",- 
9 ^ 41 Heraciides covered. 

10 1 42 Copernieds touched. 

10 3 5 - - - coveted. 

10 3 26 Helicon covered. 

10 4 12 Bulialdus covered. 

10 8* o A hazinefs again. 

10 8 57 Plato coveted. 

10 15 30 Manilius covered. 

10 15 54 Tycho touched. 

1017 5 - covered. This doubtful. 

10 19 10 Meiielaus covered. 

10 21 38 Dionyfius covered. 

10 22 40 Plinius covered, 

A hazinefs again. 

10 28 25 Cenforinus covered, 

10 34 34 M. Crifium touched. 

*° 39 45 “ ” ■ covered. 

10 46 34 Total darknefs, as I judged it. 

At 10 h. 41' the moon had grown reddilh, and the 
eclipfed part become more vifible than before. 
After fame time* during the total darknefs, the 
iriooh was barely to be feeri. In general, about 
the centre, it was darker than towards the cir- 
cumference, which was ill -defined. About 

12 o o The eaftern limb became more vifiblc, and better 
defined. 
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Apparent time, 
h. ' '' 

1214 o The light fpreads a great way over the moon from 
that fide towards the centre, extending about 
two-thirds of her circumference (fee fig. 3.) 

1 2 23 o The moon feems beginning to emerge. 

1225 o Emerlion certainly has begun. 

12 28 21 Grimaldus emerged. 

12 31 40 Galileus emerged. 

12 33 52 Ariftarchus emerged. , 

12 37 26 Kepler (but this as before). 

12 39 36 Heraclides emerged. 

12 42 56 Helicon emerged. 

12 45 52 Copernicus emerged entirely. 

12 47 22 Plato begins to emerge. ’ 

12 47 58 - - emerges. 

12 48 30 Tycho begins to emesge. 

12 49 58 - - emerges. 

12 58 8 Manilius emerges. 

13 I 40 Menelaus emerges. 

13 318 Dionyfius emerges. 

13 5 40 Plinius emerges. 

13 r I 22 Cenforinus (but ^.) emerges. 

13 i 6 35 M. Crifium begins to emerge. 

1320 53 - - - emerges. 

13 25 38 The lhadow quits the moon near Langrenus, be- 
tween that and M. Crifium. The dulkinefs does 
not leave the moon till feme time afterwards, but 
I did not wait to obferve it. 

The moon was darker during the ecllpfe than ufual ; 
but the air was not clear enough for any occulta- 
tious of fears to be obferved. 


Tranfit 
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Tranfif of.Mercuiy over the fun’s difk i Nov. 12, 1782 : ob- 
served with the faoic telefcope, and a power of 75 times. 
The aperture reduced to two inches. 

Apparent time. 

h. ' " 

2 51 49' Flrft impreflioii obferved. It could not be 2" Sooner. 

2 54 57 Thread of light completed; but Seen through 
clouds. The planet Seemed to hang on the Sun’s 
Hmb 30" at leaft. 

460 Through a break in the clouds, of fhort duration, 
9 feemed to have quitted the Sun ; but indeed 
the clouds were very unfavourable the whole 
time. 

Occultation of Saturn by the moon, it February 18, 1775: 
observed with the Same teleScope ; and, I believe, the Same 
power, with the whole aperture of the objeft-glaSs 3,6 
inches; but, I perceive, I have not Set down theSc parti- 
culars. 

9 S 39 Praec. anSa of the ring im. - 

969 Prase, limb of the planet im. 

Subsequent limb not Set down. 

9 6 48 Subsequent anSa im. 

The moon low at theSe immerfions, and much uti- 
dulation. The emerfions loft by looking at a 
wrong part of the moon’s difk, except 

JO I 7 Subsequent anSa emerges. 

Night very clear ; but tire obfbrvation on the whole 
imperfeft. 

Occultation# 
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Occultatlons of ftars by the moon: obferved with the fame 
' : teldcope, and a power of 75' times, with the whofe 8p^- 
. tuse of the objed-glafs. ■ ' 


Apparent time# 

> 775 - " ... 

^ Aug. I. ByVirginis 7 ,48 17 Both ftars vifiblc when a cloUd cdvtrtll 

them, 

7' 49 ’20 A fliort break ; oi^ly icmifilsir vifible. 

7 52 15 Another brea^ ; but. before t^is the fc* 

cond flar was immersed. 

8 48 58,5 cm, good. 

8 49 6, ^ Second # cm, good, 

\ 8 54 13 Im. good. 

N of y Virginis J o ^ 

Em. not till moon was too low. 


^ Dec. 12. D Regulhs 

10 

s 46 

Em. very good, though the moon low. 

1776. 

0 June 30, Ql fA f 

9 

3 49 

Im good ; iomc flying clouds. 

- 

10 

6 38 

Em. ; perhaps fooner. 

in 7 ‘ 

7^ Aug. 23. D /X Cctl 

10 

41 17 

Im.: the moon low; night clear and flill. 


II 

32 lO 

Em. 

tNov. 15. D I ad ^Tauri 


Im. not feen ; undulation too great. 


7 

22 56 

Em. prett)^ good. 

ONov. 16. ]> i Tauri 

11 

17 I. 

5 Im. good. TThcfc were obferved with a 


12 

23 28 

Em. good.< power of 67 tiraes, and an 
t oblique fpcculum. 

083- 

i May 16. D «■ Scorpii 

II 

21 49 

Im, "1 Night clear and flill ; the obfer- 

If jul 10. D w Scoipii 

12 

31 49,5 Em, J vations good. 

Im. not feen for clouds. 


8 43 56 

Em. ; it might be i" or 2" fooner; the 
moon’s edge ill defined. 

d" Dec. 30. jJrifcium 

8 

3 »3 

Im dark limb, very good. 


9 

8 30 

Em. good. It could not be above l" 


fooBcr, if that. Night very clear and 
flill; hard froll; therm, 13°|* 

Eclipfes 
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Mr^ W^Oi/LAiSiroN’s J^nomkalObfimuthns. 


m 

Eclipfcs of Jupiter’s fatellites ; obfcrved with the fame tele- 
fcope and power (that is, 7 ^ times ; called ufualiy 1 00) and 
whole aperture. 

Apparent time. 

1775. h- ' " 

$ Sept. 8. I Sat. II 33 14 Im, flying clotids ; obfervat ion doubtful. 

OOd. 1 . I Sat, II 51 I Im. good; unlefs the minute be miflaken. 

If Nov. a. I Sat, 8 28 2 Jm. good. 

% 16. a Sat. ^9 013 Im. pretty good; air clear, but a cold in my 


eyes rendered the,obfervation not fatisfadoiy^. 
^ Dec. 18. 1 Sat. ^lO 45 48 Em. good. 


2 Sat.* 

11 

2 0 

Em. pretty good. 

J| 27. I Sat. 

7 

3 48 

Em, good. 

1776^ 

Oj^ov. 17. 3 Sat. 

9 38 48,5 Im, ; a fcintillation for fome fcconds before it 
quite difappeaicd. 

1778. 

l(May 21 * I Sat, 

9 

9 38 

Em. good. 

2 Sat. 

1 10 

10 dz 

Em. lb ne.il the firfl fatellite ; as fMrcely to be 
diftinguiniable fiom it Ibi lorne minutes. 

June 11. 4 Sat. 

9 52 4 

Im. good for the fourth fatellite, jet vihble by 
fits for fomc fcconds longer. 

^ I 3 » I Sat. 

9 

19 6 

Em. pretty good. 

1779. 

i Mar. 9, I Sat. 

6 

59 19 

Im. ; that is, this was the bit of my feeing it ; 
but, though the night was clear, the latcllite 
was too near Jupiter for the oblervation tob© 
fatisfadory. 

May 22. 2 Sat. 

11 

5 54 

E^m. good. 

1781. 

If May 24. 1 Sat. 

10 

3 31 

Em, very good. 

If I Sat. 

1 1 

57 35 

Em, pretty good. 

I7 June 16. 1 Sat. 

10 

'3 ‘3 

Em,; clouds, but pretty good. 

1782. 

T? July 20. 3 Sat, 

9 

6 42 

Em. good. 

2 Sat. 

11 

30 30 

Em, good. 


Emerfion 



2X»0 


ifefr. Wollaston’s AJhwsfnkdVX^hftfvaiiMh 


© July 21. 
If Aug. 29. 
? 30. 


Apparent time, 
h. ' " 

iSat. 9 39 5° Emerfionj windy j but |ooil. 

1 Sat. 8 20 15,5 £»"• 

4 Sat. 8 52 19 Em:; fateUite Ceca then, but »ot 

fome time. ' 


dUbaft for 



1783 



s 

July 

8. 

I Sat. 

h 

Aug. 

2. 

I Sat. 

B 


25- 

I Sat. 

? 

Sept. 

26 

I Ssit, 

t 


SO- 

3 Sat. 


oa. 

S' 

1 Sat. 

0 

26. 

I Sat. 


121413 Im. pretty good. 

9 10 31,5 Em. 

9 28 34 Em. I 

61944 Em. pretty good, but twilight ftrong. 

10 3 24 Im. It waa vifible only by fits for the laft 8". 
' Jupiter near a tree. 

8 18 O Em. pretty good; but the moon below Jupiter. 

8 2g 17 Em. Jupiter low and near a tree ; great undu- 
lation. 


explanation of the figures in tab. V. 

Tig. ,. . Cor. Bor. 5 Aug. 6, 1 783. night-glafs. The * marked Sept. 2^ 
^ waa not obferved till that night, but has continued fince, and was only 

overlooked at firft. 

Fig. a. A map of 107 Bars, befide. thofe marked by BAYEa. m the 

of Corona Borealis, or the Northern Crown ; together with a part 
of Bootes: laid down from obfervations made 1783 with a mght- 
glafs furniflted with crofs- wires; as their relative pofitions were eftimate 

by the eye. 

Tig. 3. The moon as Ihe appeared (inverted) ? Sept. 10, 1783, about a quarter 
of an hour before Ihc began to emerge from total darknefe. 
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t$cnt- a Lft&^JromChaxhi BUi|^en» M,'P. PJ^^ina to 
the 4^myf Sec. 'S. to $r Jofeph Banks, Bart. P. R. S, ’ 


) * 

Re^dF^roaiy 1^, 1784. 

TO Sin jO$IP«’ BANKS, BART. P.R.S. 
n E A R S I R, 

F rom the ptpers yon msrc ib good as to put Into my hapds, 
together whh Aich other information at 1 could promuje, 
the following account of die two moR remarkable of the late 
meteors is colleAed. I amieniible, that it is in many refpe^s 
very imperfe^ ? * yet ftill it gi^es a more fatisfadory idea of tho 
phsenomena than can well be acquired ftmn the relaboji of apjr 
fingle obierver, and therefore may not be difagreeable to the 
learned Society ©wer which you fo worthily ptefide, if no more 
perie£t account fhall previoufly have been laid before thcm^ 
Thefe meteors were the kind known to the ancients hy 
the names of Aa^iradfr, Bolides, Faces, Globi, &c. from 
particular diflerences in their lhape and appearince, and fonte- 
times, I believe, under the general term of Comets * ) Ui ^e 
. , . PhiWbldikal 

,* AaHT<>TJ.t*i rmsirV, th*t all tt«« e^meti feen amoni them di(a}i|»eared wlfttodl 

hvfwf ii^flswrW# tf *Ty tif k^WW 
(^)f fc«*«w fcaijeclyr applicable but" to mc- 

tconfe ^ other cjyutlfibni to ite fame puipofe occur in that author, 

Voi.LXXlV. ' li'(f PUHY, 

f 
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Philofophlcal Traiifaftions they arc called in^ifcriminately fire* 
balls or fiery meteors ; and names of a fimilar import have 
tp tliie^i^ the different of Europe^ 

^ . iH'h^ iXiplI i^atjcrial <lrcnuift<inces bbferved of fiiqU meteors 
toa^be btouj^ht under tbe following heads, i. ^heir general 
appearance. 2. Their path. 3. Their (hape or figure. 4. 
Tlieir light and colours. 5. Their height. 6. Their noife, 
7. Their lize. 8. Their duration, p. Their velocity. 

I (hall begin with the firft of thele meteors, that which was 
lecn on the 18th of Auguft. 

§ 1. Its general appearance in thefe parts of Great Britain 
was that o>f a luminous ball, which rofein the N.N.W. nearly 
round, became elliptical and gradually aflhmed a tall as it 
afeended, and in a certain p^rt of its courfe feemed to undergo 
a iieoiarltable charvge compared to bttrfting ; after which it pro- 
edtded fto longer as an entire irwifs, but was apparently divided 
kite d great number or a clufter of balls, fcane larger tlian the 
dtiiers, and all carrying a tsdl or leaving a train -behind under 
fbifr fbrrti it continued its courfe with a ivearly equable motion, 
di-opping* or cafting off fparks, and yielding a prodigious light,- 
which illuminated all objects to a furpriilng degree ; till haviijg. 
pafled the' eaff, and vergitig confiderably to the fouthward, it 
gcadbaliy-'dbicchdeid, and at length was loll out of fight. . The 

though hp CQnceive4 diilinJtly enough the difFcpcnce 
between coi^^ets and $^ry fneteors, yet evidently did not know where to draw the 
lme\( compare Kb, t'. arid VlT, Qii«ft.Natur.). in mWcnti times, thefc meteot'# 

Aktfe fttuck ipe^afors at firft as comets (Fritzes Medizinifehe Annalcn, vol. I. 
P- 7ai)> exp^t aftrpnomers, as appears by a letter from Nathaniel Pioot 
^f(j 4 F, R. S. lately ryad before the Royal Society, See alfo Mom. de I’Ac. de# 
Scienc. 1 77 P* b§ 8 . X have inlifted the more on a fubjed apparently of fo little con* 
feguepce, in order to account for the ftrange opinions of the ancients rc4>c£lin|f. 
comefSp which, I think, proceeded chiefiy from confounding them with tbefe fiety 
meteors, 

time 



^II8P eft ^ j6' ,P*M. ^mx^ jtirac of 

itt^«iliiifi ;of 1^ ^ut half, ji 

<?»*»'»*«•■ .’-i !i / V-; u'H ,! ,1 , ,. , ' 

4 '** ;Hof north the meteor may, haye begun I have no 
m^fierials to <leterm^. with, pinxiiiou y b^» as it was feen iii 
f^etlajEid) and .1^ between the Lewes and Fort William, and 
appeared to peflpna at Aberdeen and Blair in Athol . alcendjng 
from the northward, and to an,obferver in Edinburgh as tiling 
like the planet Mars, there can be little doubt but its cour^ 
5»mmenc«d beyond, the fartheft extremity of this iflaud, fome- 
W'here overt the northern ocean. General Murray F. R. S. 
being then at Athol Houle, faw it pafs ovpr his head as nearly 
■Vertical as he could judge, traemg it from about 45 ® pf eleva- 
tion north-north-welhvard to 30° or 20° i’outh-fouth-ea|twar<|, 
where a raiigeof buildings intercepted it from bis view^j. From 
jiear the zpoith of Atliol Houfe^ it pafled ;on a little .weftward 
of Perth, and probably a little eaRward of Edinburgh ; and caii- 
tinuing.its progrefs over the ibuth of Scotland, and the welleiji 
•parts of Northumberland and tlie .BUhopric of Durham, ^ pro- 
speeded alnsoft through the middle of York-fliire, leaving tlie 
capital of that county fomewlut to the eaftward. Hitherto its 
path was as n^fly S.S.E. as can he afeertained ; but fomewhers. 
.near the borders of Yorklhire, or in Lincolnfliire, it appears^jfo 
have gradually deviated to the eaflward, and in the courie df 
that deviation to have, fufiered the remarkable clran^e already 
noticed under -the' dentpiHiiatbu of burlHng. After this divi- 
iion, the compaR cluRer of /mailer pietcors leems to have 
moved for^fome tiaie alnaoR S.E. thus travelling Cambridge- 
Ihire aiid perhaps the wcRern .confines of Sufiblk; but gra- 
dually recovering its original dircdlipn, it proceeded over Eflffx 
and the Straits of Dover, entering the^coiUjnent probably not 

Dda ' ^ f*>-' 
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aff^arCiaitr^d Oiktmp'^ 

viraS' fO%ifc v^tfcal. Aft^rwiiHs it*WiM^<een 4 it Bmflftli, 

Piim, «tl6 Nujts in iBurgundy*, ftill holding on its couHfe l# 
t]^ ^ nhy, I have’m^ with nn intimintiort, Siiotigh of 

ahthottty 4 ^j that It wasi percdi\^td at Rott#J Out in^ 
fortf^dtiori of its progi'efs over the continent is, ihdeed, very 
defective at»d obfcurc ; heverthelefs, I think, we htnrfe fufficient 
proof that it traverfed In all 'ij or 14 degrees of latitude, de^ 
^rlhing a track of 1000 miles at feaft over the forfoce of tlie 
earth; a length of courfe far exceeding the utmoft shat h06» 
l^eda hitherto afeertained of any fimilarphaenomenroir. 

‘To adduce the different acconnts from which this path is 
determined,' would not otily' be infufR:rably tedious, but coir- 
trary to the intention of this letter, which is to give a fum* 
maty view of the whole. They are contained partly in letters,, 
and partly in the different news-papers of England and Scot- 
land, moft of which have been perufed for this purpofe. The 
information derived from the news- papers, however incorreft 
in the detail, is brought to fome degree of certainty by the 
check of comparing them with one another ; and their fre- 
quent pubfication in moft places of confcquence in this iflland', 
procurfe^ us advantages on the occafion of foch extraordinary 
phsenomena, not enjoyed in former ages, nor even now, to 
the like extent, in any other part of the world. 

It ftems icarcely more interefting to trace the path of thefe 
bodies with minute precifion, than it ttould be to mark the 
progrefs of a cloud’s lhadow upon the ground ; but k is of 
confequence to their theory to afeertain well the diredHon of 
their courfc ; and their deviations from a ftraight line, as im- 
plying fbme particular caufe, fhouid be carefully noticed. I 

• Journ. de Psrij, AeSthSJ^, 1783* 
f Pakxsk’s General Advertifer, Oftdber 7, 1783. 

have 



ddriatimi' to' this toeti»r^ fr«»Ei' 
t&eoitoGtonm ccfiiaKm imho %eak in the 

|iftfflfc(l terml of a* tosto*^ change inr^ks covirie about the 
aime it was feen to buri^i and their eridence is cotidrtoed by 
drawing a line S.S.B. from that - part of Scotland to which the 
meteor Was vertical, for j^ch a line is fooud to coirefpood with 
its path as far as Yorkfoire, but in the fouthern partsl of the 
kingdom falls a great deal too nauch to the wellward. That it 
afterwards refumed its forma: courfo b rendered prdoable from 
the tefHraouy of ;tbe obfervers in Kent, who almo^ uniformly 
mention its difappearance in the S^.E. as well as from the re- 
marks made by Several perfons tiear the metropolis, that when 
it attained its greateii elevation, it bore but one or two points 
to the northward of ealf. 

§ 5. This meteor was deferibed by moft fpeflators under 
three different forms, and is thus Tcprefontcd by Mr. Sandby 
in his beautiful Drawing * ; but the two firft of tliofo do not 
imply any real variation in its ihape, depending only on a dif- 
ference in the point of view. Accordingly, in the firft part of 
its courfe over Scotland, it was ieen to have a tail, and is thus 
deferibed by General Murray when it pafifed Athol Houfo. 
Two caufes concur in this deception ; firft, the fore-fliortening, 
and even occultation, of the tail, when the objeft is feen nearly 
in front ; and, fecondly,. that the light of moft part of the 
tail is of fo inferior a kind, as to be difficultly perceived at a 
great diftance, eipecially when the eye is dazzled by the over- 
powering brilhancy of the body. The length and ftxape of 
Wthe tail, however, were perpetually varying ; nor did the body 
continue always of the fame magnitude and figure, but was 
ibmetimes round, at other times elliptical, with a blunt or 

♦ Siaw eHgtarcd. See alfo the figarct tttb, IV. of tbi« volume. 

pointed 



20 $ ^ 
ftoifttoiifWotilberanoo tsfeiiind. FitiwJfMdft^^kani^ 
ckl»»ati4^«#«rkaieteofs it ie^ ^at tbcf b8v«.%aeft ixtn^a^ 
OfSNbitiiifi or? f^raicikl cdiatiSf kairdia^ koetfesj 

Ijapkiiweiiu' trarnpeti^ tadpo!«s,^ glafs-clrdps? qooits* torched 
|dilcltlBB| ttiany liniiiaT objc<fts j whe»«'tke multS- 

^MsrQpl^dktioiis gi7«n to tiiem by. the aocienta wefts box** 

fOWfld. ’ '?: ■ . ! . /v-- ' , ■ 

" iR»S^e£tkgthe tails Of ttietcrarsj. it is hefe neoeflary to diftin** 
gjiith 'betwecii hvo.difierant^arts of whkh they c®n£ft. The 
bt^hteft pOrttoh feems to be of the fame nature as the body, 
and ibdeed an elougation of the matter compo^ng it ; hut the 
other, and that commonly the largeft portbu, might more 
properly be called the train, appearing to be a matter left be» 
hind after the meteor has pafled ^ it is far lefs luminous than 
thetfowner part, and often only df a dull or dnlky red colour. 
AiStnilar train or Arcak is not unfrfequently left by oneof the 
common falling ftars> efpecially of the brighter fort ; and vef- 
tiges of it fometimes remain for fevcral minutes. It often 
happens, that even the latge ^re-balls have no other tail bia 
ihis train, and outs of the i8th of Auguft appeared at timeri to 
4>C in that its tail was iikewife thought by fomc fpedators 
to hi» fptdd. 

' Usicbr this changeable form, but IHU as a lingle body, it 
phbcbisdcd regularly till a certain petiod, when eKpanding with 
SI great incneole of light, it feparated iirto a cluifter of fmaller 
bodies or ovals, eaioh extended into a tail and producing a train. 
At the fame ciAae a great number of fparks appe«»red to ilfue 
fhssm it ill wious diredtions, butt moftly downward, feme cs£> 
which werfc'fobi%ht as aifo, to leave a fmall train.'.- Moft fire^ 
'balls have fodered a burftiag or explolion Of this kind ; but 
in general they hai^ been^ thought te dikppear ^mediately 
- ' ? 7 afterwards. 



lni 

mmiomfn^ -M perbt|ii^i»*-wi»itiBf^r l»vbSlv«^ 

4 etgq$}% othec iknikr ’««}id^Qi beiibte #l»r i^l^fiid and 
^aia t>|>on the cea)tkienec^«'' ‘ didvitani t^ftd tq 

Ihtfvic, that, its firft fepar8lk)0 <» burning ■fesf^ ^mewlm^ 

•ver Lincoiiiflajret perbaf!» xkear the c 4 Ha 3 ni 6 nceiPReii,l of-tiie 
fens. Many obfervers did uof get fi^ht of « till after thkhpo’ 
liod, and thetiefbte ndver dcfesiUo it as a fitvgk bath Thtro 
appears to be ibnaCideoepftionf in coftibi|nen^. of which 
tors are kd to.beUev«?» tlia® a ntieteor i# eittmguiftjed by thefe 
explofions; for- the famet^uian was forti}ed.of tliia in foveral 
parts of its .conrfe, thfaugh; we have foch decifive evidence of 
its continued progrefs? whether it beithalrthesneteoi's leaity 
become more dull for a time immediately after then? explofion,, 
or merely appear fo on accounc of the greatfer preceding light, 
iince they are always defcribed as being moft luminous the 
inftant they burft. 

It is obfervable, that the great change in this meteor cor- 
jcefpoads with the perbd in which it fu&ced a deviation from 
its courfe, as if there was feme coimesion between chofe two 
circumftanoes; and them are traces of fomething of the fame 
kind having happened to other meteors. If the explolion b© 
any fort of elfbrt, we cannot wonder that the body foquld be 
moved by k from a Hraight line ; but oh the otl^r hand it 
feems efjually probable, that if the mcteoi: be forced, by any 
caufe, to change its dkeifiion, the confequaico ihould be, a 
divifion or reparation of its parts. 

§ 4. Nothing relative to thefo meteors ftrlkes the. beholders 
with fo much ailonifhmaxt: as the exceffive light they, a^atd, 

■ * For another inftaoce of repeated ekplofiona confuU Mem. de I’iSci ihi Scianc. 
1756, p*a3. 


fufheient 


iftS Da i4m0i(of 

to iiNMier viry minute vifiUe iipftn tli^ gl«l|||| 

iff 'tiie^ldceft nighti and larger diftance of^jxuu^ 

hsilfca^^wtttt the oyc. The Uluminadim h| often fo geeat at 
totalif^to obliterate the flara, to mahe the macf|i look dull, and 
eveft to the fpe£lators like the fun jtfelf j n^, there arc 
many inftances in which fudi meteors Ipve madi^ll^endid' 
appeairantc in full fun^fliine. The colour of thetr hg^it is 
various and changeable, but generally of a bluifh caA, which, 
makes it appear remarkably white. -A- curious . of this 
was bbferved at Bruffels the j 8th of Auguft, that whilft the 
meteor \x^as pafling, ** the moon appeared quite red, but foou 
** recovered its natural light ♦.*’ The brightnefs alone of the 
meteor is not fufficient to explain thi», for the moon does not 
appear red when feen by day ; but it muft have depended on the 
the contraft of colour, and thews how large a proportion of 
blue rays enters into the com|«>rition of that light, which 
could make even the Jiher moon appear to have cxcefs of red. 
Priiinatic colours were aifo obferved in the body, tail, and 
tparks of this meteor, varioufly by different perfons; feme 
compared them to the hues of gems. The moment of its 
greateft brightnefs feems to have been when it burft the hrft 
time ; hut it continued long to be . more luminous after that 
period, than it was before. 

The body Of the fire-ball, even before it burft, did not ap- 
pear ah uniform fubftance or brightnefs, but confifted of 
lucid and dull parts, whkh were perpetually ch.anging their 
refpe£live pofitions ; fo that the whole efifeft was to lome eyes 
like an hiternai agitation or boiling of the matter, and to 
others like moving chafms or apertures. Similar cxprefliolia 

. • From a fetter of tlie Abbe MAiiu’a, Ditedor of the Aca^tsmy at Brufleh, to 
Sir Joseph Banks, Bart. P. R. ^ ' 

have 



Jbiivo htea ufed in the deftiription of farmer meteors, Tfee 
luminous fubftance was compared to burning brimftone or fpi- 
rits, Chinefe fire, the ftars of a rocket, a pellucid ball or bub- 
ble of fire, liquid pearl, lightning and eiedrical fire; few 
perfons fancied it to be folid, efpecially when it came near the 
zenith. Different fpedators obferved the light of the meteor 
to fuffer at times a fudden diminution and revival, which pro- 
duced an appearance as of fucceflive inflammation ; but might, 
in fome cafes at leaft, be owing to the interpofition of fmall 
clouds in its path. 

§ 5. When, in confequcnce of a more accurate attention 
to natural philofophy, fuch obfervations were firft made upon 
fire-balls as determined their height, the computers were with 
reafon furprifed to find them moving in a region fo far above 
that of the clouds and other familiar meteors of our atmo- 
fphere ; efpecially as to every uninformed fpedator they appear 
extremely near, or as if burfting over his head, a natural 
effed of their great light when feen without intervening ob- 
jeds. Their real height is to be colleded from obfervations 
made at diftant ftations, which, for the greatefi: accuracy, 
ought to be fo fituated, that the line joining them may cut the 
path of the meteor at right-angles, and that, at its greatefi; 
elevation, it may appear from both of them about 45° above 
the horizon, on oppofite fides of the zenith. AJfo two fiatlons 
on the fame fide of its path, if the leaft angle of elevation be 
not very fmall, and the difference between that and the greateft 
angle be confiderable, are by no means to be rejeded. But 
little reliairce can be placed upon obfervations of a meteor’s 
altitude at any fuppoied period of its courfe, fuch as tlie mo- 
ment of its burfting ; becaufc thofe changes are feldopi fo in- 

VoL. LXXIV. E e ftantaneous. 
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ftantafle#&B, br f&in fo ftiiifefc alike by different fpe(9:at<»‘8, tl to- 
be iStsMk^ with fuffident tiertainty. 

"Ei^n ift propfer ftdtions it rarely happens, that the angle ©f 
elcvatioh can be dbfei ved with that degree of accuracy, which 
is neediary for any certain determination of the height. An 
©ffimate by the eye is doubtful, not only on account of the 
flattened Curve the Iky feems to dellribe, for which the moft 
expedehefed obfervers I'carccly ever make a juft allowance, bat 
']ike#wife of the emotion produced by Inch an unexpected, mag- 
nificent, and perhaps alarming IpeCtacle, which renders it 
almoft impoffible to be quite collected. Therefore, untcfs an 
•ObferVation be checked by means of a houfe, tree, or fbme 
fixed body, along which tlie meteor was found to range, it 
muft be received as uncertain; By night the ftars afford ex- 
cellent marks, efpecially if the time be known with exaClnefs ; 
the brighter meteors, indeed, render thefe faint lights invifible 
for the moment, but here we derive an eminent advantage front 
the train, which remains after the meteor is gone, and deli- 
neates perfedly its track through the heavens. If no fuch 
marks have been taken, the expedient of endeavouring to re- 
coiled: the part of the fky where it paffed, and afeertaining that 
height with a quadrant, may often be uleful ; but there are 
many men of fuch a turn of mind, that the original impref- 
fion made upon them will be totally perverted by their own 
fubfequent reflexions and the remarks of others ; in which cafe 
fuch an application of Inftruments is likely to give a refuit 
farther from the truth, than their firft immediate judgement, 
however vague and hazarded. 

I am forry to add, that moft of the obfervations in my pof- 
feflion of the meteor which appeared the i8th of Auguft, give 
its altitude by eftimation only ; yet 1 hope their corrcfpondence 
1 with 



witk one another will gain theip a degree <; 5 r^t, ,tQ jsfhieh, 
if fingle, they woqW not he mtitjedlj,, & , • . 

1. In a- letter from , Perth in Scotkii 4 ;,Jltj lk<l, that “ a 
V gentleman, who ha&a very good eye, (^l^ejryed the meteor 
“ pafs al)cat 6’ to the weftward of the zenith and a Fro- 
feflbr ill one of the Uuiverfities, being at Ardo^h on the banks 
of the Tweed, about two miles below Dunbarton, judged it to 
have “ at leaft 45° of elevation above the liorizon.” Thefe 
altitudes would make its real height 5 7 ftatute miles, 

2. At St. Andrew’s in Scotland, “ it was not quite vertical, 
<‘,but according to fome was 20° or 25'’ from the zenith, ac- 
“ cording to others not fo much.” Taking the greateft of 
thefe diftances as neareft the truth, fince we are ulhally led to 
eftimate altitudes greater than they really are, thisobfervation, 
calculated with that of Ardoch, gives 60 miles for the height. 

For the communication of thefe obfervations, collefted by 
his friends, I am indebted to General Mbi^VILl F. R. S, 

At Edinburgh the meteor pafl’ed very near the zenith, in 
which cafe a deviation of a few degrees is fcarcely perceptible 
to a common eye. 

The rev. Mr. Watson of Whitby, in a letter to Lord 
Mulgrave V. P. R. S. is very confident, that the greateft 
altitude of the meteor, wliich pafled to the weftward of his 
zenith, was 60”. Mr. Edgeworth F. R. S. in his letter to you, 
Sir, ftates its elevation at Edgeworth’s-Town near Mullingar, in 
Ireland, as »o° or 1 2° above the eaftern horizon. Thefe obferva- 
tions, calculated ftriiftly frqm the latitudes and lo^igitudes with 
the allowance for the curvature of the earth, as indeed were 
all the reft where the difference would be fenfible, give 57 
miles for the height of the meteor. 

IE e 2 4* 
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4. In the Morning Chronicle of Sept. 1 9. is inferred a letter 
from Newton Ardes, 7 miles eaft of Belfeftj in Ireland, cor- 
re^ponding lb well with Mr. Edgeworth’s in the defcription 
«f the meteor, as to appear very good authority. The altitude 
is there given as 16% whence a height of 58 miles with the 
obfervation at Whitby. 

5. Mr. More, Secretary to the Society for the encourage- 
ment of Arts, Manufaftures, and Commerce, faw the meteor 
as he was riding about three miles S.W. of Brofeley in Shrop- 
Ihire, and judged it to be elevated 35". By a perpendicular 
drawn from this fpot to its fuppofed path in Lincolnlhirc, its 
height came out 59 miles. 

6. The altitude of 25'’ determined at Windfbr I take to be 
one of thofe on which moft reliance can be placed, becaufe the- 
gentlemen prefent, two of them Fellows of the Royal So-' 
ciety, were remarkably well qualified for fuch an eftimation. 
The letter you received, Sir, frOm Profeflbr Allamand of 
Leyden, mentions that the meteor was feen there about 30“ 
above the horizon, and the terms in which It is deferibed in 
the Dutch news-papers * agree with this account. Its height 
hence calculated appears to be 58 miles. 

7. Mr. Thomas Squire, of Fblkftonc, obferved the meteor 
over his houfe, as he was in the pofture of leaning back agailift 
a hedge ; he afterWards tried “ its ranging with the roof by a 
“ quadrant, and found it 68'^| above the horizon.” Reducing 
this oblervafion to the perpendicular dropped from Windfor on 
the path of the meteor, its height comes out 54 or 55’ miles^ 
Mr. SoyiRE^s allitiide, determined by a fixed' objedi, is con- 

itrmed by the eftimate of feveral perfons at Ramlgate.. 

‘ - > 

. * Amllerdamifche. Courant, Aug. 28, 1783. 
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8 . The meteor was feea by Mr. Stt^^evens F.,R. S. at 
Hampftead near London, moving along overthe top of a row of 
trees. Mr. Cavendish F. R. S. having taken the altitude of 
tliefe trees with a quadrant, found that of the liigheH:, as Leu 
from the part of the garden-walk oppofitc to it, to be 33'" ; 
which correfponds very well with the other obfervatlons, and 
confequently gives the fame height for the meteor. Mr. Stee- 
VENs kept his eye upon it conftantly, whiift he pafied briikly 
along the walk. 

This agreement of the different altitudes is nearer than 
could be expefted ; yet I know of no contradidory obfervations 
of any authority, except fome made near Plymouth and in 
Cornwall, where the meteor being pretty near the horizon, its 
altitude, as will commonly happen in fuch cafes, is given too 
great. The effed of this, however, would be to (hew, that 
the meteor was higher ; and therefore, I think, we may (afely 
conclude, that it muft have been more than 50 miles above the 
furface of the earth, in a region where the air is at lead: 30000 
times rarer than here below* 

Contrary to what has been afferted of moft other fire-balls, 
this of the 1 8th of AugufI: appears by the preceding obferva- 
tions to have kept on in a parallel courfe, without any defeent 
or approach toward the earth. It may be much queftioned, 
whether fucb a defeent has been proved in any former indaacc. 
The meteor deferibed by Sir John Pringle h.as been cited as 
the moft certain example j. but any perfon who carefully exa- 
mines the obfervations thenifelves,. as dated in the 5 1 ft volume 
of the Philofophical Tranfaflions, will find tliem totally in- 
adequate for fuch a cooclufion ; its height feems to me deter- 
mined only in one part of its courfc, between Ifland-Bridge 

and: 



2 ' 2 4 agden’s j9mmi '^f 

and Antfrauj, land Wsts there from 48 to 50"miks *. M. 1 ,* 
Rot bfes the fire-ball feen July ly, 1771, to have bedn 
14 wiles high vt'hen it b;;gan, «fld 27 at ks e^Xjilofionf ;i'but 
does not give the fails on which his calculation b founded. 

Bvery philofopher muft be flriick with die agreement of 
thefe meteors in their diftance from the earth, juft beyond the 
'limits of our ciTpufcuIaratmofphere. 

§ 6. That a report was heard fome time after the meteor of 
the 1 8th of Auguft had difappeared, is a fa£k which refts 
•upon die teftimony of too many wltnefles to be controverted, 
and is, belides, conformable to what has been obforved in moft 
•Other inftances. In general it was compared to the falling of 
fome heavy body in a room above ftairs, or to the difeharge of 
one or more large cannon at a diftance. I'hat rattling uoife^ 
like a volley of fmall arms, which has been remarked after 
other meteors, does not feem to have been heard on this occa- 
sion. From a comparifon of the different accounts, it appears 
as if the report was loudeft in Lincoln (hire and the adjacent 
•countries, and again in the eaftern parts of Kent ; in the inter- 
tnediate places it was fb indiftinfl as generally not to have been 
noticed, and all obfervers of credit in Scotland deny that they 
heard any thing of the fort. If, therefore, this report be connedted 
with the burilitig of the meteor, I fhould be inclined to fuppofo, 
that found was produced two feparate times, namely at the firft 
explofion over Lincolnfhire, and again when it foeoMd to burft 
foon after entering the continent. Ingenious men have availed 
themfelves of this found, to calculate the diftance and height 
of meteors ; and the exaftnefs attained by this metliod, in the 
computation of the late fire-ball from the report beai^ at 

^ PhiU Tranf, vol. LL p. £41. and 274* 

+ Meos (k 1 * Acad, dcs Scienc. 177 1, p* 676. 
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Wiadfor*, is very remarkable ; but in general the accounts diC- 
agreed ib much, that it would have been impoffiblc to conclude 
any tlung from them. Perhaps too the method itlelf is Icfs 
certain than has been thought; for as the propagation of found, 
and with iutcnfity too, in air rarefied 30000 times, pre. fonts 
great difficulties in theory, though it may be in fbme mealurc 
explicable from the vaft bulk of tl>e meteor, and the large 
quantity of this rare air it may therefore dilplacc by a fudden 
expanlion ; I think it not improbable, that fome hitherto un- 
perceived circumftance comes into play, by whlcli the whole 
eftcdl may be modified ; for inftance, if matter belonging to 
the meteor kl’elf be what conveys the found to our lower atmo- 
Iphere, it may either admit found to be propagated througli it 
at a diderent rate than through common air, or it may move 
much farter than found travels, as the entire meteor certainly 
does, and carry on the fonoritic vibrations with it. Moreover,, 
we cannot be fure what is the velocity of found in air fo much 
jrarcr than wh^re our experiments have been made. For thefe 
reafons, while we diftruft calculations of meteors founded on 
the progrefs of found, we fhould be particularly careful to note 
down the intervals, and all the circumftances, as they may lead 
to very curious difeoveries. The effect of the noife is, fre- 
quently, to produce fuch a fhaking of the doors, windows, and. 
tlie whole houfe, as is miftaken for an earthquake. 

Befides the report as of explofions which was heard ifiter the 
meteor, another fort of found was faid to attend it, more 
doubtful in its nature, and lefs eftablifhed by evidence ; I mean,, 
a kind of biffing, whlzxing, or crackling, as it parted along. 
That found fhould be ccHiveyed to us in an inftant from a body 
above 50 miles diftant, appears fo irreconcilable to all we 
know of philofbphy, that perhaps we fhould be juftified ia 

* See p« 1 1 1 , of this volume. 
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imputing the Avliole to an afFrighted imagination) or ftn !llti!^oii: 
produced by the fancied analogy of fireworks. The teilimony 
in fupport of it is, however, io conliderable, on the occaiioa 
of this as well as former meteors, that I Cannot venture to 
it, however improbable it may be thought, but would 
leave it as a point to be cleared up by future obfervers. 

§ 7. To determine the bulk of the fire-ball, we muft not 
only have calculated its diftance, but alfo know the angle un- 
der which it appeared. For this purpole the moon is the ufual 
term of comparilbn ; but as it was thought, at very different 
■diftances, to prefent a difk equal to that luminary’s, and the 
fame expreffions have been applied to moll preceding fire-balls, I 
•conceive this eftimation rather to be a general effed of the 
flrong impreflion produced by fuch fplendid objefts on the 
mind, than to convey any determinate idea of their fixe. How- 
ever, if we fuppofe its tranfverfe diameter to have lubtended 
an angle of 30' when it paffed over the zenith, which probably 
IS not 'very wide of the truth, and that it was 50 miles high, 
it muft have been almoft half a mile acrofs. The tall fome- 
tinics appeared 10 or 12 times longer than the body ; but moft 
•of this was train, and the real elongation behind feems feldom 
to have exceeded twice or thrice its tranfverfe diameter, con- 
fequently w£is between one and two miles long. Now if the 
cubical contents be confidered, for it appeared equally round 
and full in all direftions, fuch an enormous mafs, moving 
with extreme velocity, affords juft matter of aftonilhmeut. 

§ 8. The duration of the meteor is very differently ftated, 
partly becaufc fome obfervers had it in view a muck longer 
'time than others, and partly becaufe they formed different 
judgements of the time. Thofe who faw leaft of it feem to 
-have perceived its illumination about ten fecoi>ds, and thofe 

, who 
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^0 fitw inoft of k about a miaute : hence the varidus MS 
counts mty in feme meafere be teconciied. Mr^ HEBscitec, 
F. Rh. S. at Wiiiidfer« muft have kq)t it in iigbtlong after other 
ehfervers h»i thought it extind : fer though^ probaM^, he 
did not fee the beginning, as it never appeared to him like a 
fingie ball, he watched it as much as “ forty or forty-five 
“ feconds, the laft twenty or twenty-five of which k remained 
“ almoft in one fituation, within a few degrees of the bori- 
** zoo,” This confirms the foreign accounts of ks long pro- 
grefs to the fouthward. 

As fearceiy any one had fuiiicient prefence of mind lb mi- 
iiute the time by his watch, the periods given for ks duration 
are moftiy by guefs» To corroft this rude conje(Jtnre, it hat 
been propofed, that the obferver (hould endeavour to pafs oVer 
the time in his own mind as well as he can by recoliedion, 
whilfl; another perfen fiiently marks the feconds with a watch. 
This may do femething, but ftill leaves the matter very uncer- 
tain, as the nature of the emotion felt by the fpeftator while it 
was palling will caufe the imprefilioti of a longer or Ihorter 
time tu be left upon liis mind ; and the formal procefe of re- 
collefliott is fe tediousi that I believe the duration -will in this 
way generally be made too feort. Mr. HkbsChel, at my 
requeft, was fe good as tb a£t over his ohfervation, wkh the 
pedkbns and gellures he was obliged to employ ; and this feems 
likdy^to come nearer the truth than a fimplc effort of the -mind 
at recoile< 9 ion. ifet the foreft method would be, to repeat 
any uniform a&ion in which the fpe^ator might haVe been 
engaged at the time; as, fer hifeance, to walk over die fame 
fpace of ground that he pafled while the meteor was in fight. 

f 9. Frorn the apparent motion of the fneteor, compared with 
its height, feuie computation may be formed of ks aftonUhing 
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a, .^ghj; be vifiblecfrom the faoKJ'.iftacion for 
^^-Z'bo' tieiles^ aad>(he I'dtn^As^hoxi^iihuance oi 
fparcely exceeded a minute, ‘vre iiaTte Hence iftfrfe 
pxcl^in^iaen that it moved not Jets than ab’triiles'in a fecobd.^ 
TJhe res'. Mr. Watson, in his letter to Lord MutfeRAvE,' 
fajs, ihat ihe arc defer ibed by it '■whilji in his view could not be 
l^s than 70“ or 80°, and yet the time could mt, exceed 4^' cr 5" at 
nsqfi, jThis, with an altitude of bo”,- and height of 50 miles,’ 
gives for its velocity about 21 miles in a feoond. The obferver 
at Newton Ardes eftimated its motion to be 10° /« jtcond^ at 
the altitude of \t° % this would make its velocity 30 miles in a 
li^nd. Mr. Herschei. found it delcribe an arch cf vhf 
durjng the 40 0/* 45 feconds he obferved it^ which gives a velo- 
city of more than 20 miles in a fecond. Finally, Mr. 
Aubert F. R. S. thought it deferibed an arch of 136° of azi- 
muth in 10 or 12 feconds, which would make its velocity above 
40 miles in a fecond. I am fenfible of the objeflions that may 
bem^ to allithefe computations; undoubtedly they are too 
vague ; 4iitd yet, all taken together, perhaps they may have 
ft^e weight, efpecially as they correfpond fo well with the 
di^rqnt phaenomena of the meteor's duration, and other fire- 
balls have been'Computed to n>ove as faft *. Stating the velo- 
city at the lowefl cotliputation of 20 miles a fecond, it exceeds 
that of found above 90 times, and begins to approach toward 
that of the earth in her annual orbit. At fuch a rate, it muft 
have pafl^ over the, whole iflaud of Great Britain in lefs than 
half a minute, and nught have reached Rome within a miui^ 

♦ See Mem. de I’Acad. desScicnc. p, 678. Pliil. Trwf. N® 347. »nd 

360. and vol. LI. p. 263, &c, 

'5 afterwards, 



,' V' >'' •• ' ' • V'.n I'.-r , •.*^;^ 

,. Fron^ tliis. cajc^latlo®; it will be e¥id^.t# fbat there, is ikth 
chiiuce determiiiijlg the Velocity of -metejjrs fr^m the times of 
^eir palling the zenith ofdifFer^t places* and that thereh>re wc 
jnuft . principally depend on obferving carefully, with a watch 
that Ihews feconds, their apparent velocity through the heavens. 

THE fire-ball which appeared on the 4th of Odtober, at 43^ 
pafl fix in the evening, was much fmaller than that already do- 
fcrlbcd, and of much flioiter duration. It was firft perceived^ 
to the northward as a ftream of fire, like the common fliooting 
llarS, but large; and having proceeded fome way under- this 
form, it fuddcnly burfi; out into that intenfely bright bluim 
light which is peculiar to fuch meteors. At this period I law 
it, and can compare the colour to nothing I am acquainted 
with fo well, as to the blue lights of India, and lome of the 
largcft eledlrical Ijiarks. The illumination was very great; 
alid on that part of its courfe where it had been fo bright, a 
dufky red ftreak or train was left, which rerriained vifible per- 
haps a minute even with a candle in the room, and was thought 
by fome gradually to change its form. Efxcept this train, I 
tlilnk the meteor had no tail, but was nearly a round body, 
or perhaps a little elliptical. ^ Aftcr^ moving not Icfs than lo* 
in this bright ftate,‘ it becanie fuddenly extinct, without any 
appearance of burfting or explqfion. 

This tS^eieof was feeh for fb Ihort a way, that It is fcarcely 
poflible determuie the direction of its eburfe with accuracy ; 
but as in proceeding to the eaftward It very perceptibly inclined 
t^Wfirds the horizon, it certainly moved fomeWhere h^m th.e 
north -wefi ward to the louth-eallward. Its dura^on ,^;was fo 
‘ i F f 2 * fliort, 




itlil nMttf jperfefts ttmaght if pilifei in m 
tiixil ^ tof own part, I found royfelf ai)iyNlfeel)r utMdStt Hdt 
ihlile^e «rh^hev the motion was frm mt tummi thie S.£. 
ISknn fpoftatore were of opinion, that k changed itt courfe tiM 
iBoasieftt it became bright, proeceding no knger in the famo 
ftraight line ; but my in&rmat^t k not fufficiont to determine 
dbis qoefHon. 

My fituation, Sir, was particularly fortunate for afoertainbg 
0 ie height of this meteor, as 1 faw it from your Xibxaty, 
ranging immediately over the oppofite roof of your houie. 
(fence I find by a quadrant that its altitude, even when k be- 
came extin£l, could not be lefs than 32*. The upper northem- 
snr^ end of the train it left bore, as I judge by the compafs, 
about 28*^ northward of true £.and the lower end about 14**. 
I have only one obfervation to compare with this, which was 
made by Mr. Boys of Sandwich. He concludes, from the 
train I imagine, that ** it difappeared juft under, and a veiy 
** little to the weftward” (rather northward) “ of, the ftar 
y in the foot of Cepheus.’* At that time y Cephei was about 
57° hig^, ^nd bore above to the eaftward of N. whence the 
lliighc of the meteor above the furface of the earth, after all 
proper allowances are made *, mull: have been between 40 and 
50 miles. 

As there was no appearance of burfting at the.extindion of 
this fire-ball) fo no report w;n> heard after it ; nor did any found 
attend it. 

Some obforvers thought fiu meteor alfo near .as tug as the 
moon, but to me it did not appear above one quarter of her dia- 
meter, which would make its breadth fomewhat above a furlong. 

^ It appears fron^ obfenrfitionf taken by Geti, Roy, F. R. S. that the bearing 
•f Sandwich from London » not fo much to the fouthward of oaftf ai it b laid 
dowtimonf mapi* 
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Stii|it)dbg it 4 ttfetibe 4 ttc of 14“ in r| i««oiKi, or» acotndU 
inj to Mr. Air»att’s i^femtion, of *5’ in f't ks real vttio- 
ofty was about 12 miles a fetxxid. 

Such meteors as thefe, which pafs like a Aalh of lightnilig, 
and dcfcribe h (hort a courfe, are very unfavoturable for 02l4u» 
listing the vekx:ity, but a^rd great advantages for determinings 
the height, as they muft be feen nearly at die lame moment 
and in the fame place by the di^ermt obiervers. Other in- 
ftances are found of fire>baUs beginning with a dull red light 
like a foiling Aar, particularly the great one of March 19* 
J719, treated of fo fully by Dr. Hali.ey • and Mr. Whis-- 


•»ON+. 

It is remarkable, thar a fimilar meteor had ^[>peared the 
fame day, that is, Saturday the 4th of Odober, about three 
ki the morning, though, on account of the early hour, it was 
feen by fewer fpedators. They reprefent it ts riftng from the 
northward to a fmall altitude, and then becoming ftationary 
with<a vibratory motbn, and- tm illumination like day-light; 
irvautihed in a few moments, leaving a train behind. This 
fort of tremulous appearance has been noticed in other me-^ 
teors,. as well as their continuing ffotiwiary for feme time, 
either befom they b^n to Ihoot forward, or after dieir courfo; 
was ended. 


• Ska. flittfe vbI. XXX. N" 3SO. p. 978. 

Acoosgt^ siifpriiBgauttWf'iinttMsrch 19, 1719.- 
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. ^rJ-Hf^ 'F?r ,itnpo^nb|,c to-quit.this fijbje£t, without focjxc 
rsf^|Kj^,s about the caufe, that caa be capable of prp^pci^jg 

elevation above the earth, ^here, if the, 
atmosphere cannot abfolutcly be laid to have ccaf^d, it is cer- 
tainly to be confidered as next to nothing. The firft idea whlph 
fuggefted itfelf, that they were burning bodies projefted with 
fuch a velocity, was quickly abandoned, from the want of 
any known, power to raife them up to that great height, or, if 
tiiere, to give them the required impetus ; and the ingenuity 
(if Dr. Halley foon furniflied him with another hypothcfis, 
in which he thought both thefe difficulties obviated. He fup- 
pofes there is no projediou of a fingle body in the cafe ; but that 
n train of combuftlble vapours, accumulated in thole lofty regions, 
is I'uddenly let on fire, whence all the phainomcna arc produced 
by the fucceffive Inflammation *. But Dr. Halley gives no juft 
explanation of the nature of thefe vapours, nor of tlic manner 
ia which they can be raifed up through air lb extremely rare ; 
nor, fuppofing them fo raifed, does he account for their regu- 
lar arrangement in a ftraight and equable line of fuch prodi- 
gious extent, or for their continuing to burn in fuch highly 
rarefied air. Indeed, it is very difficult to conceive, how va- 
pours could be prevented, in thofe regions where there is in a 
manner no preflure, from fpreading out on all fides in conle- 
quence of their natural clafticity, and inftantly loling that de- 
gree of, denfity which feems neceflary for inflammajiou. Be- 
lides, it is to be expefled, that fuch trains would fometimes 
take fire in the middle, and fo prclcut the phcEiiomenon of two 
meteors at the fame time, receding from one ’ahoflier in a 
direift line. 

Thefe difficulties have induced other plulofophcrs to relin- 
qullh Dr. Halley’s hypothefis, and propofe, inftead of it, 

‘ * Phil. Tnnf. vol. XXX. N® 360. 
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of a vSiji' ofipbfite nature* that nietefirs' iire •pcrnaaneht h)lid 
bhdies* not raifed up from the ^arth, but revolving rouiid- it iif 
very eccentric orbits ; or,* in other words, that they are ter- 
reftrial coiaiets*. The obje£l!ions to this opinion, however, 
feem to me equally great. Moft obfervers defcribc the meteors, 
not as looking like folid bodies, bbt rather like a fine luminous 
matter, perpetually changing its lhape and appearance. Of 
this many defenders of the' opinion are fo fenfible, that they 
fuppofe the revolving body gets a coat or atmofphere of elec- 
tricity, by means of which it beconhes luminous ; but, I 
think, whoever carefully perufes the various accounts of fire- 
balls, and elpecially ours of the i8th of Auguft when it di- 
vided, will perceive that their phaenomena do not correfjxaid 
with the idea of a folid nucleus enveloped in a fubtile fluid, 
any more than with tlie conje£lure of another learned gentle- 
man, that they become luminous by means of a contained 
fluid, which occafionally explodes through the thick folid outer 
Ihell +. 

A ftrong objedlion to this hypothefis of permanent revolving 
bodies, is derived from the great number of them there rnulfc 
be to anfvver ail the appearances. Such a regular gradation is 
obferved, from thofe large meteors which ftrike all beholders 
with aftonlfhment, and occur but rarely, down to the minute 
fires called {hooting ftars, which are feen without being re- 
garded in great numbers every clear night, that it feems impof- 
fible to draw any line of diftinftion between them, or deny 
that they are all of the fame nature. But fuch a crowd of re- 
volving bodies could Icarcely fail to announce their exiftence by 
fome other means than merely a luminous train in the night ; 

* See a differtation on this -fubje^t by Profeflbr Clap, of Yale College, New 
England. 

t Phil, Tranf. vol. LI. p. 267. 
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at leall: wc might ccxpe^ dugr woiiid Ita &eo in 
day-time, either with the ndjtedl eye of tekicQpei;^ by fonse 
the oiimcrQUs obfervers wsho are cwxftancly examining the hea* 
-Xens. With regard to theie filling Aars, it were mnch to he 
'Wifted, that obfervations ihould be made upon them by dif- 
ferent persons in concert at diftant ftxtions* for the purpoie of 
aicertaining their height and velocity } which would tend very 
much to illuftrate all thi$ part of meteorology. 

Another argument of great weight againft the bypotheiia 
that fire-balls are terreftrial comets, is taken from their great 
velocity. A body falling from infinite fpace toward the earthy 
would have acquired a velocity of no more than 7 miles a fe* 
cond, when it came within 50 miles of the earth’s furface j 
•whereas thefe meteors feem to move at leaft three times fafter. 
And this objeAion, if there be no miilake in r^rd to the ve« 
locity of the meteors, as I think there is hot, abfolutely over* 
lets the whole bypothefis. 

What th^en can thefe meteors be ? The only ^nt in natuws 
whh which we are acquainted, that feems capable of producing 
fnch pbaenomena, is oIe<£lricity* I dp not mean that by what 
is sifeady known of that finid, all the difiiculties mlative tn 
meteors can be fcd]ved, as the laws, by which its motmns on a 
latigB icale are* ^gqltyed in thofe.ijegiioins ib nearly empty of air, 
can ica^ly, I imaginef be in^eAlgated in our fiouall experi- 
ments wUh^e^hanlM vefifels * but only that feveraluf the feflts 
point oU|t< a ne^ j^diatu^ogy with eledh^y, ^id 

that none of them, are! irreconcUabliestU'tbe difeoyeredi laws^ of . 
that fluid. 

* How nearly the phaenometia of meteors have been reprtfciited by arli|iqJ 4 ^ 
ele< 5 ^ncicy is known from a very remarkiblf experiment of I^r, Siee 

FjiieiTi.iY, vol, V, p* 379. 
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, . i.^Elc^ticity-Jtnoves witji fujeh a, prodigious velocity, as^to 
1 -elu^e all the attempts’ hithprto ,made by phUo%>hers to deleft 
but the fwiftnefsipf meteors, ftatiag it at 20 miles a fe- 
CQitd, is fuch as tio experiments yet contrived could, have dll- 
,, covered, and which ferns to belong to eleftricity alone. This 
. is, perhaps, the only cafe in which the courfe or direftlon of 
that fluid is rendered perceptible to our feufes, in coufequeiu e 
of the large Icale on which thefe fire-balls move. 

2. Various eleftrical phicnomena have been feen attending 
meteors. Lambent flames are defctibed as fettling upon mcii, 
horfes, and other objefts * ; and ^arks coming from them, or 
the whole meteor itfelf, it is faid, have damaged fhips, houfes, 
&c. in the manner of lightning d-. Thefe fafts, 1 mufe own, 
are but obfeurely related, yet ftill they do not feem to be defti- 
tute of foundation. If there be really any hiffing noife heard 
while meteors are palling, it feems explicable on ho other fup- 
pofition than that of ftreams of eleflric ,m^ 6 ter iffuing from 
them, and reaching the earth with a velocity equal to that of 
the meteor, namely, in two or three feconds. Accordingly, 
in one of our late meteors, the hilling was-compafed to that of 
elcftricity iffuing from a ^iduftor |. The fparks flying off lb 

perpetually 

• Pkiistiey’s Hiftory pi Elcrtriclfy, 352 - , Rlfm. de I’Acad. des Scienc. 
17711 p. 681, 682. See .I'n^odd faA, pj-’diaps of tdii, n-’uiie, in Parkek’s 
General Advertifer, Dec, i,_ ^ . 

t Mem. ano. de I’Acacj.^de l^ijon, tom. 1. [lift, p d 2 . Plid. ’Trinf, vol. 
XLVI. p. 366, dc I’Acad. des Scienc. 1761, p- 28. ^ 

J Cl;iefter,\Ve«kIy^^q,l»rapt,_ Augnft 26, 1783. Thb and nnny oilier cu- 
rious circumfiam^, relative to^roetcois, aie fo ivcll cjt-mplificd in tlie fil’nw- 
ing obfervation, made fevcral years ago by Mi. Robin- on at Ilinclky hi I > 1 - 
ccfteilliire, tint 1 think it worth tianfcninng (leic, tl'ptniny as it oc-errs in t 
syoik which lew people would think of conluUiiig on fiicli a iubjcA. Off 76, 

“ 1766, at half paft five in Cite evening, after a vidlcrit fiorni of wind and lain, 
'.VoL. LXXIV. G g • “ I 
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perpctiflaliy from the body of fire-bills, rhay^ffibly have fbme 
conijiliion with thefe ftreams *. In the fame iiianner the fcWrfcl 
of explofions may perhaps be brought to us J^uicker, than if ^it 
were propagated through the whole diftanCc by air alhfite. 
Should thefe ideas be well founded, the change of diteffidn 
which meteors fecm at times to undergo, may' pebbly be in- 
fluenced by the frate oi the furface of the earth over which 

** ^ oWerred a fiery meteor. Its diredion wa» from N.W, to S.E. nearly in a 
horizontal diredion ; it paCed very near to me, and was of an elliptical form ; 
ns motion about 40° in 2'' or 3" of time. It was very bright and lucid to 
•* appearance like the paleft lightning, and emitted fparks continually, which 
form^A a kind of tail toward the N.W. which feemed to be extinguilhed at fhe 
** difhwice of a"* or 3^ from the body ; there was a fmall portion that parted fmm 
it. The cohcfion of matter was fb great, that it drew a thread of confiderabic 
length from the body, before it broke from it. During the paiTage there was a 
kind of bijing mife^ much like to what we hear from the elt^rical machine 
** /when the ele^ric matter is running away^ or as when it is cfcaping from a full 
** charged jar*^ Bibliotheca Topographica Brit a nnica, N^VII. p. 8l. 

♦ Hift* dc I’Acad. dcs Scienc. 1761, p. 28. Mem. dc TAcad, dcs Scienc* 
1^71, p, 682. Extrafl of a letter from the Abbe Mann, Dirci^or of the 
Academy at Bruflels, to Sir Joseph Banks, Bart. P. R. S. I Aiall only men- 
** tion one fingular circumftancc, which was communicated to me by a particular 
friend of mine. It happened at Marielftrcke, a fmall village on the coafl, 
“ about half a league to the W, of Oftend, The curate of the village wai 
fitting in the dulk of the evening with a friend, when a fudden light furprifed 
them, and immediately after a fmall ball of light -colon red ftame came through 
a broken pane of glafs, crofled the room where they were fitting, and fixed 
“ itfelf OB the chink of a door oppofite to the window where it entered, and 
•• there died gradually away. It appeared to be a kind of phofphoric light, 
** carried along by the current of air. The curate and his friend, greatly furprifed at 
** what they faw, apprehended fire in the neighbourhood 5 but going out, found 
that the fire, which had come is through the window, had been detached from a 
large meteor in its paflage.” 

JHlow far thefe and fimilar appearances may be owing fimply to the illumina>« 
ticn produced by meteon, fhouUl be attentively confidcred in the invclligatioo 
of fuch fafts. 

they 
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they arc paflin|^, and to w^ich the ftreams are fuppofed to 
reach. A Cmilar caufe may occatlon the apparent explofion» 
the opet|ipg of more channels giving new vent and motion to 
the eleftric fluid. May not the deviation and explolion which 
appear to have taken place in the fire-ball of the i8th of Au- 
guft over Lincolnfhire, have been determined by ks approach 
toward the fens, and an attradlon produced by that large body 
of moifture? 

* 3. A further argument for the ele(fl;ric origin of meteors is 

deduped from their connexion with tlie northern lights, and 
the refemblance they bear to thefe eieftrical phaenomena, as 
they arc now almoft univerfally allowed to be, in fevcral par- 
ticulars. Inftances are recorded, where northern lights have 
been feen to join and form luminous balls, darting about with 
great velocity, and even leaving a train behind like the com- 
mon fire-balls *. 1 his train I take to be nothing hut the rare 
air left in fuch a highly eleflrified ftate as to be luminous ; 
and fome ftreams of the northern lights are very much like it. 
The aurora borealis appears to occupy as high, if not a higher, 
region above the furface of the earth, as may be judged from 
the very diftant countries to which is has been vifible at the 
fame time + ; indeed the great accumulation of eledric matter 
(eems to lie beyond the verge of our atmofphere, as efti- 
mated by the ceflation of twilight, Alfo with the northern 

* Hift. dc l^Acad. dcs Scienc. 1705, p. 55, Whiston’s Account of a 
Meteor feen in the Air 171^* Phil. Tranf* vol, XLI. p. 626 j and LlII. p* 6 ? 
Alfo a moft pointed fa<St in the A£t. Liter* Succiae, I734» P* 78* 

f Bergman, upon a mean of 5O computations, makes the average height of 
the northern lights to be near 70 Swedifli, that is, about 460 Englifti miles. 
Kong. Vetcnlk. Acad. Handlingar, voi. XXV. p. 193. Sec alfo Phil. Tranf. 
vol. LIV. p. 327* and M. de Mairan’s Traite dc TAurorc Borcale, p. 51. 

G g 2 lights 



f i.’’ 

. • Dr. Eh AG Recount 

lights nqile is faid to he heard in fomc very cold .cli-* 

iTj^tqsjv'GMELiN fpeaks of it in the mbft pointed terms, as' 
fjrexpieut and very loud in the north-eaftern, pai;ts of Siberia* 
and other travellers have related fimllar fads ‘ , 

Reife durch Siberien, vol. III. p. 135. As the whole paffa^ is very 
remarkable, and has never, that 1 know, appeared in Englifli, I thought the^ 
following tranllation of it might be acceptable. 

** Thefe noithcrn lights begin with ftngle bright pillars, lif ng rn the N. ‘and* 
almofl at tht fame time in the N.K, which gradually increafing comprehend a' 
** large fpace of the heavens, nifli about from place to place with incredible vclo*-" 

* city, and finally almofi cover the whole iky up to the jccnithw The flrcams arc* 
** then feen meeting together in the zenith, and produce an appearance as if a 
“ vafl tent was expanded in the heavens, glittering with gold, rubies, and fap- 
“ phiic. A more beautiful fpedacle cannot be painted ; but whoever fliou Id fcfc 
** fuch a northern light for the firfi time, could not behold it without terror, 

** For how ever fine the illumination may be, it is attended, a& I have learned from 
“ the relation of many perfons, ivith fuch a hiding, cracking,' and rufhiiig node 
tbixJughout the air, ns if the larged fire-works wore playing off. To deferibe 
“ what they then hear, they make life of the cxpiefiion, Spoloc/^j chodjat, that is, 
the raging hod is palling. The hunters who purfuc the white and blue foxes 
“ in the confines of the Icy Sea, arc often overtaken in their conrfe by thefo 
^ northern lights. Their dogs are then fo nriich frightened, that they will n 06 
move, but lie obdinately on the ground till the noife has paflTcd, Commonly 
dear afid calm w'cathcr follows this kind of northern lights. I have heard this 
account, not from one perfon only, but confirmed by the uniform tedimony 
of many, who have fjKnt part of fcveral years in thefe very northern regioniij 
“ and inhabited different countries from the Ycnifei to the Lena; fo that no 
“ doubt of its truth can remain. This fecms indeed to be the real birth-place 
of the aurora bdrea/is,*' 

It is here to be obferved, that Gmelin did not colleid tlie account himfcif, but 
extra^^ied it fiom letters or papers of M. pe i/Isle de la CRoytRE^s, who was 
himfelf far to the northward of Yakutfk, without hearing tiiefc noifes ; probably, 
therefore, it is much exaggerated, though one can fcarccly fuppofc the whole 
tp be fabulous. 

f Muffchcnbroeck Introdud* § 2495, Bcccaria ddl’ Ellctricifmo artif, ctnat, 

2 p, 20, U 



‘ /iWtafe 

■ ^br, ift opitiion, the moft remarkable analogy of all, 
aiid that which tends moft to elucidate the origin of thefe me- 
teors, Is the diredlon of their ’ courfe, whidh feems, in the 
very large ones at leaft, to be conftantly from or toward tlic 
north of north-weft quarter of the heavens, and indeed to ap- 
proach very nearly to the prefent magnetical meridian. This 
is particularly obfervable in thofe meteors of late years whole 
tracks have been afeertained with moft exa^tnefs j as that of 
November 26, 1758, deferibed by Sir John Pringle; that 
of July 17, 1771, treated of by M. Le Roy ; and this of 
the 1 8th of laft Auguft. Tiie largeft proportion of the other 
accounts of meteors confirm the fame obfcrvatlon, even thole 
of a more early period * ; nay, I tliink, forfte traces of it are 

. per- 

i 

pi '221- Tylitre is now working with Mr. Nairmi?;,^ , S, a perfon of the 
name of Arnold, w^ho reiided h-vcd jears at Hiulfon’s Ihiy, the lafi three at 
lort Ilcnlcy. He confinns M. Gmfi.i*>:’s account of the firic appearance and 
brilliant colours c>f the northern lights, and particularly of their ruftiing noife, 
which he rtrtirms be has very frequently heaid, and connpares it to the found pro- 
duced by whirling round a Aick fuiftly at the end of a ftring. He adds, that on 
cpnvcrfing about this matter wuth a Swedifli w’arch-maker of the name of Lind^ 
that perfon alTurcd him, that he had heard a litiiilar noife in his own country^ 
^Mr. Nai|ine too, one time, at Northampton, when the northern lights were 
remarkably bright, is confident he pcrcciv’'cd a hiffing or whizzing found. 

This hiiTing or rufliing noife, as w'ell as that attending meteors in their pafTage, 
fuppofing it in both cafes to be real, I would attribufe to fmali flrcams of ele<!dric 
matter, running off to the eaith from the great mafles of accumulations of dec* 
tricity, by which I fuppofe both meteors and the northern lights to be produced. 
^Compare M. de Mairan’b Traite dc PAurore Borcalc, p. 126. 

* See Phil, Tranf, and ^cm. de PAcad. dts Sciences, &rc. I have found, ol 
an earlier or later periotl, accounrs of mofe than 40 different firo-balls; Of 
thefe above 20 are fo deferibed, that it is cettain their courfe wnis in the abovti- 
mentioned dirciffion ; only 3 oV 4 feem to have moved the contrary way ; and with 
jHjgpd to the remainder, it ia left doubtful, from the imperfie<^t ftaceof the rela- 
tions. 
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;|>eFceifVable in the writings of the ancient *, \VhcJtfiec t^eir 
modon flwll be Jrm the northern <|uartei! of the h.eay«;s qj: 
timard it, fcems nearly ia 4 ifferent, 33 the numbers of thoft 
going each way are not very unequal ; I coulider them, m thq 
former cafe, as mafles of the eledric fluid repelled, or burfling 
from the great collefted body of it in the north ; and, in the 
latter cafe, as mafles attrafled toward that accumulation; a 
diftinftion, probably, much the fame in efiect, as that of pofi- 
tive and negative eledricity near the furface of the earth. 

Tliis tendency toward the magnetic meridian, however, 
feems to hold good only with regard to the largefl: fort of fire- 
balls ; the fmaller ones move more irregularly, perhaps becaufc 
they come further within the verge of our atmofphere, and 
are thereby more expofed to the aftion of extraneous caufes. 
I'hat the fmaller fort of meteors, fuch as (hooting ftars, are 
really lower down in the atmofphere, is rendered very probable 
by their fwifter apparent motion ; perhaps it is this very cir- 
cumftance which occafions them to be fmaller, the eleftric 

tions. When wc con fidcr that even the meteor of the i8th of Augiifl laft was 
thought by fame fpe^ators to move fouth-weftward, it will rather appear furprifing 
that fo many of thefe accounts ihould correfpond^ than that a few of them fhould 
differ. 

* Abistotle {Meteor, lib. I. c. 6,) denies that comets, with which I take 
meteors to be confounded, arc generated only in the north ; which (liews it to 
have been then the prevalent opinion, that they appeared mofl frequently in that 
quarter, AAA» psif wh rt^o irt tp rv vr^o; roir^ ytptUt i Kopniki fitofov* 

So likcwifc Pliny (lib, II. c. 25.) Xiphias, Difccus, Pitheus doliorum cernuntur 
hgura, in concavo fumidse lucis, Ceratias. Lampadias, Hippeus. Candidas 
Comcics, Omnes ferme ipfo JcpUntrlont^ aliqua cjus parte non certa, kd 
maxime in Candida, qu« ladei circuli nomcn accepit. And Seneca (Quaeft, Nat. 
Mb, VII.) Placet ergo noftris, Cometas, ficut Tubas, Trabcfquc, ct alia oftentt 
cccli, denfo acre creari, ideo circa /epUnlHonm fr^quoniljim} apparent, quia illic 
]>]urunum cil acris pigri* 
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fieihg tabre ^dlVided ia moi-c^ reiiftmg air. But as thoj^ 
inaffes of eletJJiricity, whkih move where there is Icarcely argr 
'tgfisfl’aace, fo generally afieft the direflioa of the magnetic me- 
'ridian, the ideas which have been entertamed of fome analogy 
between thcfe two obfeore .powers of nature, -feem not alto- 
gether without foundation *. 

If the fofegohvg confcAures be juft, <(hftin<ft regiojis art 
allotted to the electrical pliicnomeoa of our atmofphere. Here 
below we have thunder and lightning, from the unequal diftri- 
bution of eliSfic -fluid among the cloiads ; in the loftier re- 
gions, whither the clouds never reach, we have the various 
gradations of falling ftars ; till beyond the limits of our cre- 
pufcular atmofphere the fluid is put into motion in fufficieut 

* It appears to me more rational to rcfolvc this analogy into a power of clcdri- 
city to influence magnetifm, than into a fnppofed fimilarity of two fluids ; as the 
former can be made evident by our artificial experiments, but there is no proof 
of the latter. When fire-balls, therefore, are faid to affeft the magnetic meri* 
dian, I do not mean that they are drawn in that direction becaufe it is the line of 
magnetifna, but rather that the magnetic poles of the earth arc thrown into their 
prefent pofition, by the accumulation and action of that very elcdricity. upon 
which the fire-balls depend. Should a change be produced by any caufe in the 
place of this accumulation, or the Hate of its motion, it is not improbable, that 
the main polarity would be given to other portions of the earth, whence a varia- 
tion in the pointing of the compafs would necelTarily enfuc. If Dr. Frakklin^s 
hypothefis be admitted, aferibing the ele^tiical ftate of the polar atmofphere to 
the cruft of ice (a bad conductor) in thofe regions, it follows, that (hould ice 
form or be collcded in one part more than in another, the atmofphere there 
would become more highly electrical, and, in fo far as the magnetifm is given by 
electricity, the adjoining portion of the earth would acquire a flrongcr polarity. 
Now it is certainly worthy of remark, that fince our firft northern navigations, 
the coaft of Weft Greenland and its furrounding feas have become gradually 
more and more inacccffiblc on account of ice, and that the magnetic needle all 
this time has been conftantly changing its variation to the wcftvvard» 
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'aj’s Dr. Blagden’s Acet/uHt of pme hte fery Meteors, 
ftii'ffes'to hold' a determined courfe, and exhibit the 
\jf)fdflrances of what we call fire-balls j- and probably atd'fiiU 
^batter elevation above the earth, the ele&:icity accunatilates 
'll! a lighter lefs condenfed form, to produce the won4ct:&lty 
' diVei^fied ftreams and corufcatiolis of the aurora borealis, 

I have the honour to be, with the great?!!: refped, 

Sir, 

Your moft obedient humble fervant, 

C. BLAGDEN. 
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XIX. On the remarkable appearances at the Volar Regions of the 
Planet Mars, the Inclination of i/s ^xis, the Poftionof its 
Poles^ and its fpheroidical Figure ; 'with a few Hints relating 
to its real Diameter and Atrnofphere, By William Herfchcl, 
Efg, F. R. S. 

Read March 1 1 , 1784.. 

W HAT I have to offer on the fubjeA of the remarkable 
appearances at the polar regions of Mars, as well as 
what relates to the inclination of the axis, the polition of the 
poles, and the fpheroidical figure of that planet, is founded on 
a feries of obfervations which I fhall deliver in this paper ; and 
VoL. LXXIV. I i 
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after they have been given in the order they were made, it 
will be ea(y to Ihew, by a few dedudions from them, that my 
theory of this planet is fupported by fafls which will fuffi- 
cientlv authorife the conclufions I have drawn from them. For 
the fake of better order and pcrfpicuity, however, I fliall treat 
each fubjecl apart, and begin with the remarkable appearances 
about the polar regions. The oblervations on them were made 
with a view to the fituation and inclination of the axis of 
Mars ; for to determine thefe we cannot conveniently ufe the 
fpots on its furface, in the manner which is pradifed on the 
fun. The quantities to be meafured arc fo fmall, and 
the obfervations of the center of Mars lo precarious, and 
attended with fuch difficulties (fince an error of only a few 
feconds would be fatal) that wc muft have recourfe to other 
methods. 

W hen 1 found that the poles of Mars were diftinguifhed with 
remarkable luminous fpots*, it occurred to me, that we might 
obtain a good theory for fettling the inclination and nodes of 
that planet’s axis, by mcafures taken of the fituation of thofe 
fpots. But, not to proceed upon grounds that wanted confir- 
mation, it became neceflary to determine by obfervation, how 
far thefe polar fpots might be depended upon as permanent ; 
and in what latitude of the globe of Mars they were fituated ; 
for, if they fliould either be changeable, or not be at the very 
poles, we might be led Into great miftakes by overlooking thefe 
circumftances. The following obfervations will affift us in 
the iuveftigation of thefe preliminary points. 

♦ A bright fpot near the fbiithern pole, appearing like a polar zone^ has alfo 
been obferved by M. MaRai^pj. &ec Dr. Smith’s Optics, § 1O94. 
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1777, April 17. yh. 50'. There are two remarkable bright 
fpots oil Mars. In fig. i. tab. VI. they are marked 
a and The line AB exprefles the diredion of a 
parallel of declination. 10 feet refledor, 9 inches 
aperture, jjower 211*. 

10 h. 20'. They are both quite gone out of the difk. 

1779, This year, in all my obfervations on Mars, there is no 

mention of any bright fpots, fb that I believe there 
were none remarkable enough to attrad my atten- 
tion. However, as my view was particularly direded 
to the phasnomena of this planet’s diurnal rotation, 
it is poflible I might overlook them. 

1781, March 13. lyh. 40'. 20 feet refledor. I faw a very 
lucid fpot on the fouthern limb of Mars of a confi- 
derable extent. See fig. 2. 

June 25. 1 1 h. 36'. 7 feet refledor, power 227. Two 
luminous fpots appeared at a and 5 , fig. 3. ; <* is 
larger than b. 

12 h. 15'. With 460. a is thicker than b^ but b is 
rather longer. 

13 h. 12'. a is grown thicker, and b become thinner. 

June 27. 1 1 h. 20'. The two lucid fpots arc on Mars. 

June 28. 1 1 h. 15', They are both viliblc; a, fig. 4. is 

much thicker than b. 

i2h. 55'. A line joining ^ and 3 does not go through 
the center. 

June 30. 10 h. 48'. The fpot a is vifiblc. fig. 5. 

1 1 h. 35'. Both fpots are to be feen. 

^ Pfeil. Tran^. vol, LXXr. p, 127. and fig. 17* 

I i 2 1781, 
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1781, July 3. 10 h. 54'. a fecms to be larger than I have 
feen it, fig. 6. 

11 h. 24'. b is not yet vlfible, fig. 7. 

12 h. 36'. I perceive part of b, fig. 8. 

July 4 . I2h.9. a is very full ; b extremely thin, and 
barely vifible. 

1 2 h. 1 8'. a and b are not quite oppofite each other. 

I 2 h. 49'. b is increafed. 

July 15. 9 h. 54'. a is vifiblc, fig. 9. 

I I h. 35'. b invifible. 

I 2 h. 1 2'. b not to be feen. 

July 16. 1 1 h. 9'. The bright fpot a is \xry large. 

July 17. II h. 15'. No other bright fpot but a, 

July 19. 13 h. 31'. a vlfible. 

July 20. 10 h. 3'. I fuppolc the bright fpot a on Mars 
is, very nearly, the foutli pole ; which therefore 
muft He in fight. There is no fecoad bright I’pot b 
vifible to night. 

10 h. 56' b not vlfible ; the night very fine. 

July 22. 1 1 h. 14'. At a and b, fig. 10. are bright 
fpots ; a is larger than b. Moll probably the fouth 
pole is in view, and the north pole juft hid from our 
light. If the fpots are polar, or nearly fo, then a 
muft, on a fuppofition of the fouth pole’s being in 
view, appear larger than b ■, and if b extend a little 
more from the north pole one way than another, it 
muft be fubjeft to fome change in its appearance from 
the revolution of Mars on its axis. 

July 30. 9 h. 43'. Both fpots vifible. 

Auguft 8. 10 h. 4'. Only a vifible, fig. ii. 

Auguft 17. 9 h. ai'. Only a in fight. 

1781, 
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1781, Auguft 23. 8 b. 44'. a as ufual, and part of b vifibie, 
,fig. 12, 

Sept. 7. The white fpot a is very large. 

1783, May 20. Mars has a fuigular appearance. At fig. 13. 

is the polar fpot, which is bright, and feems to pro- 
jeft above the difk by its fplcndour, caufing a break 
at c. 

July 4 - a is very bright. 

July 23. I4h. 45'. a is very lucid. 

Auguft 16. I faw the bright fpot with the 20 fect 
refleftor as ulual. 

Aug. 26. The lucid fpot on Mars is its foutb pole, for 
it remains in the fame place, while the dark equato- 
rial fpots perform their conftant gyrations ; it is 
nearly circular. 

Aug. 29. The fouth polar fpot is in the fame fituation. 

Sept. 9. As ufual. 

Sept. <'2. The luuth polar fpot is of a circular fhape, 
and very brilliant and white. I had a beautiful and 
diftinft view of it when ir was about the meridian, 
and ineafured its little diameter in the equatorial di- 
reftion of Mars. With a power of 932 It gave 
1" 41"^ and I faw it very diftindfly. The outward 
edge of the fpot came juft up to the upper limb ; a 
favourable hazlnels, taking off every troublefome 
ray, gave me objects in general exceedingly well de- 
fined, elptcially Mars. 

Sept 23. 9 h. 53 . The polar fpot a, fig. 14* as ufual. 
Sept. 24. The fame. 
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1783, Sept. 25. 12 li. 30'. The bright fouth polar fpot fig. 

15. fcciDs to be fixed in its place, and goes nearly up 
to the margin of the dilk ; it is perfedlly round. 

12 h. 55'. The track of the equatorial fpots is incur- 
vated, bcir.g convex towards the north, fee e, q, fig. 
23. ; this confirms the white fpot’s being at the fouth 
pole. With long attention I can perceive the edge 
of the dilk of xMais beyond the fpot, extending about 
diameter of the fpot. 

Sept. 26. i2h. 10'. The fpot a is in a line with the 
center and the end of the hook, fig. 16. 

Sept. 27, 28, 29. The fpot as ufual. 

Sept. 30. 10 h. 30'. The polar fpot as in fig. 17. 

0 ( 5 f. I. 9 h. 55''. I am inclined to think, that the white 
fpot has fome little revolution, and therefore is not 
with its center cxaftly at the pole of Mars ; it is 
rather probable, that the real pole, though within 
the fpot, may lie near the circumference of it, or 
one- third of its diameter from one of the fides. A 
few days more will fhew it, as I fhall now fix my 
particular attention upon it. 

10 h. 17'. The bright fpot is certainly not fo far upon 
the dilk as it ufed to be formerly, and is either 
reduced or has a fmall motion ; which of the two 
is the cafe will be feen in a few hours. 

i^h. 3'. The bright fpot has a little motion ; for it is 
now come farther into the dilk. 

I concluded now, in general, that none of the bright fpots 
on Mars were exaftly at the poles, though they could certainly 
not be far from them : for what has been iull related of the 

A. I ft, 
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fft, 2(1, and 3d of Oftober 1783, ftiews plainly, that tfie 
appearance of the fouthern fpot a was a little affefted by the 
diurnal motion of the planet; and the obfervations of the 
and 4th of July 1781, Ihew alfo that the I'pot b could not be 
exaOlly at the north pole ; and that, perhaps, the vlhble 
branch of the latter extended pretty far towards the equator. 
However, the fouth polar fpot of the year 1783, being very 
fmall and nearly round, afforded a good opportunity for deter- 
mining its polar diflance, by noting the different angles of 
pofition it aflumed while Mars revolved on its axis ; to this end 
many obfervations were taken at different hours of the fame 
night, which wnll be found among the meafures of the angles 
of pofition in the next divition of my fubjeft. And fince the 
different degrees of brilliancy, as w’ell as the proportional ap- 
parent magnitude of the Ipot, would alfo contribute to the in- 
veftigatlon of this point, I continued my remarks on thofe par- 
ticulars, as follows. 

1783, Odi. 2. 7 h. 59'. The bright fpot near the fouth pole is 
about half vifible. 

Ocl 4. 8 h. o'. The polar fpot feems to project above 
the difk as formerly, and is very fmall. 

Oift. 5. II h. The fpot is very fmall, and feems 
actually to be in the circumference. 

1 1 h. 30'. The fpot is fmall, and feems to be with its 
farthell fide in the circumference of the dilk ; or if 
may, perhaps, be partly beyond it, and therefore 
not all in fight. 

1 1 h. 50'. I lee the fpot much clearer than I did before. 

I3h. 15'. The white fpot is more in fight, and ot its 
ufual fize, but does not feem much to change its po- 
- fition ; 
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fition ; however, what change there is (hews that it 
has been btyoiul tlie pole, as it appears to have beea 
direct while the equatorial fpots were retrograde, 
j, Oc^. 9. iih. 48 . The white polar Ipot increafes in 
fize. At loh. 35'. it was as in fig, j8. but is now 
larger, and coming round towards that part of its 
orbit which is ueareft to us. See fig. 24. 

0 £t. 10. 6 h. 20^ I lee no white polar fpot; but the 
planet is too low for any obfervation to be depended 
on. 

6 h. 55'. The white fpot begins to be vifible ; at leaft I fee 
it now, the planet being higher than before, fig. 19, 

9h. 55'. With 460, the white fpot is confiderably in- 
creafed, and fliews a circular form, fig. 20. 

061 :. II. 7 h. 46^ The bright fpot is very vifible ; the 
evening fine ; with 278. 

Od. 16. 7 h. 7'. The fpot is very luminous. 

9 h. 5 5'. It feems rather lengthened ; perhaps it may 
be arrived at the extreme of its parallel of decli* 
nation. 

Oft. 17. 7h. 47'. The white fpot fig. 21. is very 
bright. 

13 h. 7'. It is lefs In appearance than it was in the be- 
ginning of the evening. 

Oft. 23. 6 h. 46'. The bright fpot is very large and 
luminous ; 1 fuppofe it to be in the nearer parts of 
its little orbit. 

7 h. 1 1'. It is fituated as in fig. 22. 

Oft:. 24. 7 h. I '. The white fpot Is very large. 

Oft. 27. 8 h. 45'. It is very large and round. 

Nov* X . 7 b. 47'. The fp<rt is round and bright. 
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1^83, Nov. ii.' The deficiency of light which occafions Mars 
to appear gibbous, reaches over the fbuth poLiir fpot 
towards the preceding limb, and 'hides it. 

"Nov. 14. Mars is gibbous, and the polar Ipot is thereby 
rendered invifible. 1 

Nov. f 7. 6 h. o'. The fouth polar fpot is under the fal- 
cated defedl of light. 

6 h 30'. I do not know whether there be not a faint 
glimpfe of the polar fpot left ; the weather is too 
bad to determine it. • 

I have added fig. 25. (tab. X.) to fhew the connexion of the 
15th, 17th, i8th, 19th, 20th, 2ift, and 22d figures, which 
complete the whole equatorial circle of appearances on Mars, 
as they were obferv'ed in immediate fucceflion. Thecenter of 
the circle marked 17 is placed on the circumference of the 
inner circle, by making its diftance from the center of the 
circle, marked 15, anfwer to the interval of time between the 
two obftrvations, properly calculated and reduced to fidereal 
meafure. The fame has been done with regard to the circles 
marked 18, 19, &c. And it will be found, by placing any 
one of tliefe connected circles, fo as to have its contents in a 
limilar fituation witli the figures in the fingle reprefentafion 
which bears the fame number, that there is a fufficient refem- 
blancc between them ; but fome allowance mufi: iinclouhtcclly 
be made for the unavoidable diftortions occafioned by this kind 
of projeftion. 

In order to bring thefc obfervations on the bright fpots into 
one view, I have placed them at the circumference ol tlirce 
circles (fee fig. 26, 27, 28. tab, VII. VIII. IX.) divided into de- 
grees, reprefen ting the parallels of decliiutlon in which they 
VoL. LXXIV. K k revolved 
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revolved a&out the poles bf Mars. I'he divhion of the circfei- 
marked 360 is where a fpot pafles that meridian of the planet 
which is turned towards the earth* and where, coufe^uently, it 
appears to us in its greateft luftre. The motlcti of die fpot is ac- 
cording to the numbers 30, 60, 90, and fo on to j6o. In calcu- 
lating the daily places of thefpots 1 have ufed the IMereal period 
#f 24 h. 39' 2 1 ^',6 7 determined in my paper on the rotation of 
Mars* ; and have alfo made proper allowances for the alterations 
of the geocentric longitudes calculated from the fituadons of that 
planet given in the Nautical Almanack ; by which, mcans' the 
fidereal is reduced to a proper fynodlcal period. 

The following three tables contain the refult of the calcula- 
tions, and ferve to explain the arrangement of the obfervationa 
in. the circles. In the firll column are the times when the ob- 
fervations were made. In the feomd, the hdereal places of 
the Ipot io degrees and minutes. In the third column are the 
geocentric longitudes of Mars at the time of the obfervations.. 
hi the fourth, the hccefliuy correftions on account of rfiefe 
difforent longitudes. In the fiith column are the eorrefled or 
i^odkal. places of thefpots; and, according to the numbers 
h) that column, they are marked on the circles, where con- 
fok^uelttly each fpot is reprefented as it mull have appeared to be 
at the time of obfervation. 

• Pbil. Tprnf. vol. hXXk P 134. I 
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■ Ero«)[ ithe’ appeat'ahqp and difappearance of the bright north 
polar; ’fpot in t’lM: year i-ySijJWe fcollefi; that the circle of its 
mbiiibn, reprefsntedtljrJIg. j 6 .' War at fome conliderable diftaaoc 
^nil ->1110 polo. 'By -a calculation, made according to the pria- 
ciplee hereafter explained, dts latitude mull have been about 
or 'yy* north ;‘fo5'i* find that, to the inhabitants of Mars, the 
dtfelinatitMft of tho-'funy Juueiay. :j 2 hi 15' of our time, was 
about 9° 56' fouth* ; and the fpot muft have been atleaft lb 
•' * See p, 25gi» 





34^ Mr. 'HfiR8caaL*s O^fllfliatkns 

far removed from the north pole as to fall £^,few degrees within 

the enlightened part of the dilk, to become vifible to us. 

The fouth pole of Mars could not be many dsgrees fromtiv 
Center of the large bright fouthem fpot of the year 176 x, 
whofe couileis traced in fig. 27 j though the wasof fwchja 
magnitude as to cover all the polar regiohs farther than the 
70th or 65th degiee, and in that part which was on the meri- 
dian July 3, at 10 h. 54', perhaps a little farther. 

In the next divifion of our fubjedt will he fhewn, that the 
inclination and pofition of the axis of Mars are farfi, that the 
whole circle, fig. 28. (which will appear to be in about 81° 52' 
of fouth latitude on the globe of Mars) was in view all the 
time the obfervations on the bright fouth polar {jxit of the year 
1783, which arc marked upon it, were made, but in fo oblique 
a fituation as to be proje£l:ed into a very narrow ellij^s. See 
fig. 24. where mn \% the little ellipfis in which the fpot as 
revolved about the pole. Hence then we may e^ly account 
for the obferved magnitude and brlghtnefs of the (pot Oft. 2j, 
24, and 27. when it was expofed to os in its meridian fplen- 
dour. Its fituations Oft. 16. and 17. on one extreme of the 
parallel, as well as thofe of Oft. 5. and Nov. r . on the other* 
gave us alfo a bright view of it : and. when we pafs over to 
that half of the circle which lice beyopd the, pole, :tbe much 
greater obliquity into which the ([wt mud there be prt^efted 
will perfeftly account for its bebg fmaller at 131 h, 7' of Oft. 
17. than at 7 h. 47' of the fame evening. It will allbexpliun 
its fmallnefs Oft. 4. and its increaie Oft. 9. We ihill.harvse 
occafion hereader to recur to the fame fig«ic,i (b chat Iftafee im 
notice at prefent of fhe angles of pt^tion mbich aw mttrhed 
upon it. 
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Of the J>re 0 ion or mdet of the. axis of Mars,, its inclmailon to 
the ecliptic^ and the an^le of that planed s equator 'with tts own 
orhlt. 

From the fepegoiiig article we may gather; that the bright 
polar Ipots on -Mars are the moft convenient objefts for deter- 
mining the fituation of the axis of this planet; I Ihall there- 
fore colleft, in one view, all the meafnres I li^ve taken of thefe 
fpots for that purpofe. , Before f conftrufted a micrometer for 
taking the angle of pofition, I ufed to draw a,l|ne through the 
figure delineated of Mars to reprefejit the parallel of declina- 
tion ; in a few of my hrft pbfervations, ^therefore, I can only 
take the fituation of the polar fpots from fuch drawings, and 
of confequence np great accuracy in the angles, as to the exadt 
number of degress, can be expected. 

1777, -April 17. 7 h. 50'. A line drawn through the middle of 
the two bright polar fpots a and h, fig. l . makes an 
angle of about 63°, with a parallel of declination 
AB ; the fouthern fpot preceding and the northern, 
following.- 

My rcafon fpr cjivifing a line drawn through both the fpots 
rather tl,ian thtPngh, on^ of them and the center is, firft, that 
they were not fituated quite oppofite each other, and therefore, 
unlefs other obfpryatipns had pointed out which was moft 
polar, I .fjtonld evidently run the greater rifk in fixing on 
one of them in preferejw:e to-tbe «her. Jn the next place, we 
hpd by the fecond pbfery^icni, p?^ 255- that in two hours and 
a half both fpots w’ere intirply gone out qf thft difk. This 
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plainly dinotes, that they were both in the fame half of 
a. fphere orthographieally projeiScd, and- divided by- a plane 
gaffing through the axis of. Mars and, the eye,, but that neither 
of them were polar. Now, a line drawn through two points 
not far from oppofite each other, both in the fame hemifphere, 
ai^d both removed from the poles of it, muft- approach more to 
a parallelifm with the axis, than a. line drawn ■ through either 
of them, and the center. 

May 9. There being no bright fpots by which to judge 
of the pofition of the poles, it is eftimated from, a 
well known dark equatorial Ipot, with a line drawn 
through, the figure to denote a parallel of declina- 
tion. By very rough eftimation it is about 42“ 
fouth preceding. 

May II. The fame figure,, being drawn ag^in in ano- 
ther fituation, and alfo with a line giving a parallel 
of declination, points out, by the fame rough efti- 
mation, 62.° fouth preceding. 

*‘781, June 25. II h. 35'. The pofition of the fpots a and 

fig, 3. with regard to a parallel of declination, mea- 
fured with a micrometer- 74° 32'. The- fpot a was 
fouth preceding, and b north following. 

July 15; 10 h. 12'. The angle of pofition, of the cen- 
ter of the fpot fig. 9. through the center of the 
difk, 74" 1 8' fouth preceding. 

1 783, Anguft 1 6. Pofition of the fpot a, 64® fouth following 
the center ; but as the planet is not full, the center 
becomes dubious, and the meafure therefore may not 
be quite accurate, though taken with a 20 feet 
refledlor ; power aoor 
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' 783, Sept. 9. IPoGtion of the fuppofod (buth pole of Mjafs 
65* 12' fouth following; 7 feet rcfledor ; power 460. 

Sept. 22. Pofition of the fame 52*9' f. following; 460. 

Sept. 25. h. 30'. Pofition of the fouth polar fpot 
56° 27'. very accurately taken, by blfe£);ing the 
dilk of Mars through the bright fpot, and fuppofing 
the planet now near enough the oppofition to induce 
no material error. Hitherto I have taken it through 
a fuppofed center by endeavouring to allow a little 
for what I thought the deficiency in the dilk j but 
not to-night. 

OA. 4. 8 h. 46'. Pofition of the fpot §1° 21'; Mars 
too low and hazy to deiwnd much on the meafure 
with fo high a power as 460. 

0£1 5. The motion of the polar fpot being now ftrongly 
fulpefbed, or rather already known, I took the fol- 
lowing meafures, by way of difcovering its quantity. 

1 1 h. 50'. Pofition very exaflly taken 50° 6' f. fol- 
lowing. 

14 h. o'. Pofition of the fpot 49** 45'. 

Oft. 7. 8 h. 20'. Pofition 55° 12'. In order to fee how 
far this meafure might be trulled to, I fet 49° 36' in 
the micrometer, which was evidently too imall; 
next I took 51® 36', which was alfo too final! ; after 
this, I took a new meafure, and found 55’ 24% 
which appeared to me very exaft. 10 h. 5. The 
pofition now W'as 53°. 1 1 h. 50'. It mealured 52” 1 2'. 
As there is nothing to diftlnguilh the center, it is ex- 
tremely difficult to plcafe one’s felf in bringing the 
fpot into a line with it. 

Vol.LXXIV. Li 1 783* 
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lo. 7 h. 50'. Pofitbn of the polar fpot 57* izf 
•with 460, very accurate. I tried a few parts lefs of 
the micrometer, but found the meafure too little. I. 
fee pretty diftin£Uy, but the air is tremulous. 

9 h. 55'. Pofition 53° 42' ; very dlftinft. 

13 h. Pofition 46® 30' ; I fee not quite, lo well'now 

. as I could wllh. 

14 h. Pofition 44” 12';- but liable to- g^eat uncer- 
tainty, on account of tremulous air; it becomes 
more diflSicult to.diftinguifti the center when the pla- 
net is not perfe£lly defined. 

Od. 16. 7 h. 7'. Pofition 63'’ 9', By way of trial I fet 
59® 36', which was too fmall;. alfb 60° 24' was too 
fmall; again, 61° 24' was not large enough. Then, 
taking a frelh meafure, I found it 62° 48',, which I 
thought right. 

^h. 55''. I took three meafures, and thought the third,, 
which was 65® o', the beft of all, fori faw die planet 
and the fpot remarkably well. 

0 £l. 27. 8 h. 4.5'. Pofition of the polar fpot 59® 30'. 
I took three other meafures, of which 60° 39' ap- 
peared to me the beft ; it was taken with long atten- 
dance and many changes and trials of the wires in 
difterent pofitlons; but the gibbofity of Marsisfuch, 
that meafures of the fituation of the fpot are now no 
longer to be depended on. 

Thefe pofitions, I believe, will be fufficlent for the purpofe 
of fettling the latitude of the polar fpots, and. thereby obtain- 
ing a corredl meafure of the fituation of the real pole. I have 
referred thofe of the fbuth polar fpot of the year 1783 to the 
farqe circle which contains the obfervations that were mad£ on 
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the apparent briglitnefs and magnitude of that fpot, that they 
riiay be compared together. (See fig. 28.) The agreement of 
the meafures, and the phaenomena attending the motion of the 
fpot, arc fufficicnt to point out the meridian of the circle; for 
which, from a due confideration of thefe circumftances, I have 
fixed on the place where the fpot was Oft. 10. 6 h. 46'. 

Of the angles collefted in fig. 28. we find 65° o' the largeft, 
and 49° 45' the fmalleft; but, on account of the different 
fituation of the earth and Mars, the angle meafured 7' lefs 
Oft. 16. than it would have done had the planets remained in 
the places they were in Oft. 5. when the other meafure was 
taken. This being added, wc have 65° 7'. The difference be- 
tween the two pofitions is 15° 22'. Now, the conftruflion of 
fig. 28. being admitted, we fee that the angles were nearly 
taken at the oppofite extremes of the circle in which the fpot 
moved. However, by the 5th column of Tab. III. Oft. 5. we 
have the fituation of the fpot in the circle with relpefl to the 
meridian 281° 44', and Oft. 16. 1I4® 6': therefore the fouth 
polar diftance of the center of the fpot is found, by taking half 
the fum of the fines of thefe angles to radius, as 7® 41' (half 
of 1 5° 22') to a fourth number, which is 8® 8'; and the lati- 
tude of the circle, in which the fpot moved about the pole, 
therefore is 81® 52' fouth. This being determined, we have- 
the following correftion for the angles of pofitlon : radius is 
to fine of the angular diftance of the fpot from the meridian 
as 8® 8' to the required quantity. This muft be added or fub- 
trafted, according as the cafe requires ; and thci'eby we fhall 
have the pofition of the true pole from any one of the 
meafures. ' 

I fhall now apply the above to determine the fituation of the 
akis of Mars. To this end, we fee that, in the firft place, the 
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meafuresim^ be cort^fted for the latitude' of the Ipot; next^ i 
they muft be reduced to a heijocenttic obfervation, vrhioh wiUt 
alfo corredi them from 'the dif^rence occahoned by the diSefeof 
frtuation of the planets when they were taken.’ This bein^l 
done, we may feied two obfervations at apropcf diftance; frotia.' 
which, by trigonometry, we (hall have the node and inclina- : 
tion of the axis. When thefc elements are obtained, it will 
be ealy to fee how' other oblervations agree with them ; which' 
will afibrd the means of corroding or verifying the former 
calculations. 

Let T, fig. 29. (tab. X) be the earth ; S Ci.5' V? the ecliptic as 
feen from T; P the point of the heaX'ens towards which' the 
north pole of the earth is dirccled ; M the place of the orbit of 
Mars [A m M, where an obferv;>tion of the poles of tliat planet has 
been made, which is to be redpeed to its heliocentric meafurfe*- 
And, firfl:, fuppofc it to have been made at the time of tho 
oppofition of that, planet. Then, the place M or Q^in the 
ecliptic being given, we have the fidesQ,^®?* SP; whence 
the angle Q, of the right-angled triangle P S Q, is founds 
This being added to, or taken from, the obforved angle of 
iidoit of the axis of Mars, according to cirdumftances ealily 
to b^ detormiried,, reduces it to its heliocenjttic pofition. Btet 
if this obfervation was not made at the timd: of an oppoiition, 
but at fome other place /w, a fecond corredion is to be applied 
in the foUow'mg manner. 

Let tlie angle q, of the triangle P S be found as before^ 
and properly applied to the pofition of the ax*5 of MarS now 
at mi then make t^e angle wS/tj, at the fun, S,; eqqal to the 
angle S m T, and ft wdll be the heliocentric place, where the* 
angle of pofition, when feen from S, will appear to be. as it 
was iound at after the applic^icsn of, the, ifirft corrediou :• 
4 for 
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for S ft being parallel to T #», and fuppofing the axis of Mars 
to preferve its parallelifm while it moves from m to ft, appear- 
ances of Mars at ft to an eye at S, muft be the fame as they 
ate at r» to art eye at T. 

'I’he following table contains the refult of calculations re- 
lating to the angjles of fig. 28. In the firft column are the 
times when the obfervations were made. In the lecond, the 
jftigles as thCyAvere taken. In the third column are the quan- 
tities of the angles Q , q, calculated from the' geocentric lon- 
gitudes contained' in the third column of the third table. In 
the fourth colurnn arc the correftions for the fituation of the 
fpot in the" circle of latitude obtained from the fines of the 
angles in the fifth column of the third table. In the fifth 
are the correflions requifite on account of the change of fitua- 
tion of the planets, during the interval between the feveral 
days on which the meafures' were taken ; thefe are obtained 
from the third columii of this table, and I have, afluraed the 
4th of Odober, as being the obfervation ncareft the oppofi- 
tion, to which I have.reduced the other meafures. In the fixth 
column are the angles of the fecond, correded by the quan- 
tities contained in the fourth and fifth columns, applied accord- 
ing to their figrts. 
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TABLE IV. 


^i4 


Time of obfervation. 

Angies 

taken. 

Angle Q:. 

Firft 

corredion. 

Second 

corrc6l. 

Angles 

correded. 

D. 

H. 

M, 

D. 

M. 

D. 

M. 

D. 

M. 

M. 

D. M. 

sept.25 


30 

56 

27 

+ 23 

10 

-I 

52 

-8 


oa. 4 

8 

46 

SJ 

21 

+ 23 

18 

+ 4 

4a 

-0 

MmB 

5 

11 

5 ° 

so 

6 

+ 23 

>9 

+ 7 

39 

+ I 

KKI 

5 

H 

0 

49 

45 

+ 23 

^9 

+ 7 

59 

•f I 

57 45 : 

1 

8 

20 

fss 


+ 23 

21 

— 0 

7 

+ 2 

r 55 7 


1 ss 

24 J 



26 

lS 5 19 

7 

10 

s 

53 

0 

+ 23 

21 

+3 

+ 3 

56 29 

7 

11 

so 

52 


+ 23 

21 

+ 6 

16 

+ 3 

58 31 

10 

7 

50 . 

57 


+ 23 

22 

-4 

57 

+ 4 

52 19 

10 

9 

55 

52 


+ 23 

22 j 

- 1 

7 

+ 4 

S» 39 

16 

7 

7 ■ 

( 63 

1 62 


+ 23 

j 

^5 1 

-7 

47 

4-7 

/ SS 29 
ISS 8 

16 

9 _ 

55 

65 


' 4-23 

1 

“7 

23 

+ 7 

57 45 1 


, As vve have no particular reafon to feleft one mcafure rather 
than another, a mean of .all -the 1 3 will probably be neareft 
the truth ; fo that by thefe obfervations, which, as we faid 
before, are reduced to the 4th of Oftober, 1783, we find the 
pofition of the axis of Mars that day to have been 55° 41' fouth 
following. 

From the appearances of the fouth polar Ijxjt in 1781, re- 
prefented fig. 27. we may conclude, that its center was nearly 
polar. We find it continued vifible all the time Mars revolved 
on its axis ; and, to prefent us generally with a pretty equal 
lhare of the luminous appearance, a fpot which covered from 
45® to 60“ of a great circle on the globe of Mars could not have 
any confiderable polar diftance : however, a fmall correfUon in 
the angle of pofition feems to be necelfaty, which Ihould be 
taken from the meafure of the 15th of July, becaufe that 
branch of the fpot which probably extended fartheft towards 

the 
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tiic equator, was then in the folio-wing quadrant. The mea- 
fure of both the fpots on June the 25th, 1781, is ftill more 
to be depended on, as giving us very nearly the portion of the 
true pole ; for it appears evident from, the phaeuomena of the 
bright north-polar fpot in fig. 26. that that fpot was in the 
meridian when the mcafure was taken, while the fbuthern fpot 
was in the preceding quadrant near its greateft limit. Now, 
fmee an angle at the circumference of a circle is but half the 
angle at the center, when the arches which fubtend thefe 
angles arc equal, the corredtion necellary to be applied to the 
meafure taken through the two fpots will be but one half of 
the corredllon which would have been rcqulfite had it been 
taken through the center ; therefore, in order to reduce this 
to the condition of the former, w'e may fuppofe it to have been 
taken through the center of Mars when the fpot was only 30, or 
1 50 degrees from the meridian. It is aifo necefl'ary to add i°54'to 
the angle of July 1 5, which it would have moafured more had 
the planets remained where they, were June 25. This done, 
we may have the polar dlflance of the center of the fpot as 
before. Half the fum of the fines (of 231° 38' and 150 ) to 
radius, as 50' (half the difference between 74* 32' and 76' 12) 
to a fourth number, which is i ° 1 S'. 

I fhould obferve here, that the meafures of the angle of poii- 
lion would be too large before the fpot came to the meridian, 
and too fmall afterwards, the axis of Mars being fouth pre- 
ceding ; whereas, in fig. 28. they would be too fmall before, 
and too large after, the meridian paflage, the pole being fouth 
following, 

Thefe two obfervations arranged as thofe in the fourth table, 
and reduced to the time of the 25th of June, will, hand as 
follows. 


TABLE 
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T'ilnie obfervation. 

Angles 

taken. 

Angle Q, 

Firlt 

corrcdion. 

SeciDud 

corredt. 

Corre^d 
Angle. ^ 

D. H. M. 

D. W. 

D, M. 


b.m 

D. M. 

June 25 II 36 

74 3 ^ 

-10 14 

r half of 

-0 0 

75 ” 

July 15 10 12 1 

74 18 

- 8 20 

— I 1 

+ i 54 , 

75 II 


I am to remark, that we have here admitted both meafurea 
as equally good ; and that, therefore, the refult is a mean of 
them both, and ihcws the axis of Mars, June 25, 1781, to 
have been 75° ii'fouth preceding. 

Our next bufmefs will be to reduce thefe two geocentric ob- 
iervations to a heliocentric meafure. This is to be done, as we 
have Ihewn before, by a calculation of the angle Q, fig, 29. 
The refult of it fhews, that 10° 14' arc to be fubtrafled from 
the mean correded angleof pofition, reduced to June 25, 1781, 
and 23° 18' to be added to the angle which is the corrected 
mean of 13 meafures, reduced to Ofl. 4, 1783. Hence we 
learn, that on thofe days and hours, when the heliocentric 
places of Mars were 9 s. 24'’ 35', and o s. 7° 1 5' (which would 
happen about July 18, 1781, and Sept. 29, 1783) an ob- 
ferver placed in the fun would have feen, on the former, 
the axis of Mars inclined to the ecliptic 64“ 57', the north 
pole being towards the left ; and on the latter, he would 
have feen the fame axis inclined to the ecliptic 78° 59', the 
north pole being then towards the right. 

The firft conclufion we may draw from thefe principles is, 
til at the north pole of Mars muft be direded towards fome 
point of the heavens between 9 s. 24° 35' and 0 s. 7“ 1 5' ; be- 
caufe the change of the fituation of the pole from left to right, 

which 
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wHch fiappened in the time the planet pafled from one place 
to the other, is a plain indication of its having gone through 
the node of the axis. Next, we may alfo conclude, that the 
node muft be confiderably nearer the latter point of the ecliptic 
than the former ; for, whatever be tbe inclination of the axis, 
ifc will be feen under equal angles at equal diftances from the 
node. 


But, by a trigonometrical procefs of folvinga few triangles, 
wefoon difeover both the inclination of the axis, and the place 
where it interrefts the ecliptic at rcftaiigles (which, for want 
of a better term, I have perhaps improperly called its node). 
Accordingly I find, by calculation, that the node is in 17° 47' 
of Pifees, the north pole of Mars being directed towards that 
part of the heavens ; and that tJic inclination of the axis to 
the ecliptic is 59“ 41'. 

We fliall now compare the obfervations of an earlier date 
with thefe principles, to fee how far they agree. Some of the 
particulars and calculations relating to them are as follow. 


T A B L E VI. 


Tirhes of Obfervation. 1 Eilirnafions. I Gcac. longtt. Angle Qj, j 2d corre<ft. 


D. 

H, 

M. 


1779, May 9 

12 

0 


May 1 1 

12 

0 


i 777 ^F- 17 

7 

50' 




. . ^ 63 6 3^ \jr2S 26 ! 1 

May the 9th, 1779, as we have (eeo, the angle of pofition 
was roughly eftimated at 42% and May 1 1. at 62°. The great 
difagreement of thefo coarfo eftimations is vuidoubtedly owing 
to the very different fituation of the dark fpot from which they 
Vox.. LXXIV. M m were 
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were taken ; however, fu>ce we do not mean to ufe tbefe ob- 
lervatloas in our calculations, they may fuffice in a general 
way tdi (hew, that the axis of Mars was actually about that 
time in fuch a fituation as our principles give it : for, reducing, 
the two pofitions to the 9th of May, that of the nth, from 
an allowance of zb' for the fituation of the, planets, will be- 
come 62® 36'; and a mean of the two, 50® 13' fouth pre- 
ceding ; wliich, reduced to a heliocentric obfervation, gwes 
66° 30', the north pole lying towards the left. Now, on cal- 
culating from the pofition of the node and inclination of the 
axis before determined, we find, that tlie heliocentric angle 
was 62” 49', the north pole pointing towards the left ; and a 
nearer agreement with thefe principles could hardly beexpefled 
from eftimations fo coarfe. If we go to the year 1777, and 
take the pofition of the two bright fpots obferved the ijth of 
,April, we have 63° fouth preceding ; this, reduced to a helio- 
centric quantity, gives 86° 26' of inclination, the north pole 
being to the left. By calculating we find, that that pole was 
then aflually 81° 27' Incl'uied to the ecliptic, and pointed 
towards the left as feen from the fun. 

The inclination and fituatbn of the node of the axis of Mars 
with relpefl to the ecliptic being found may thus be reduced 
to that planet’s own orbit. Let EC, fig. 30. (tab. X.)' be a part 
of the ecliptic ? OM part of the orbit of Mars ; PEO a line 
drawn from P, the eeleftial pole of Mars, through E, that 
point which has been determined to be the place of tlie node of 
the axis of Mars in the ecliptic, and continued to O' where itin- 
terfefts the orbit of Mars, Now, if according to Mr. de la 
Lande we put the node of the orbit of Mars for 1783, in 
IS. 1 7’ 58', we have from the place of the node of the axis 
(that is, IIS. 17° 47') to the place of the node of the orbit, 
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iWi arch EN of 60“ the triangle NEO, right-angbd 

at E, there is alfo given the angle ENO, according to the fame 
author, 1° 51', which is the inclination of the orbit of Mar* 
to the ecliptic. Hence W'e find the angle EON 89* 5', and 
fide ON 60° 1 2'. Again, when Mars is in the node of its 
orbit N, we have, by calculation from our principles, the angle 
PNE = 63° 7', to which, adding the angle ENO = i® ji', we 
have PN 0 = 64®58^; from which two angles PON and PNO 
with the difiance ON, we obtain the inclination of the axis of 
Mars, and place of its node with relpeft' to that planet’s own 
orbit ; the inclination being 61° 18', and the place of the node 
of the axis 58’ 31' preceding the interfeflion of the ecliptic 
with the orbit of Mars, or in our 1 9° 28' of Pifees. 

Being thus acquainted with what the inhabitants of Mars 
will call the obliquity of their ecliptic, and the fituation of 
their equinoflial and folftitial points, we are furnilhed with the 
means of calculating the fcafons on Mars ; and may account. 
In a manner which I tliink highly probable, for the remarkable 
appearances about Its polar regions. 

But firft it may not be improper to give an inftance how to 
refolve any query concerning the martial feafons. Thus, let it 
be required to compute the declination of the Sun on Mars, 
June 25, 1 78 1 , at midnight of our time. If v » no, &c. fig. 31. 
(tab. X.) reprefent the ecliptic of Mars, and <r ® vy the eclip- 
tic of our planet, ha, ^B, the mutual interfe^ion of the mar- 
tial and tcrreftrial ecliptics, then there is given the heliocentric 
longitude of Mars, v«i = 9s. lo® 30'; then taking awsy fix 
figns, and b, or yii=:is. 17® 58', there remaias bm ^ 

1 s. 22® 32'. From this arch, with the given inclination, 1*51', 
of the orbits to each other, we have cofine of inclination to 
radius, as tangent of hm to tangent of BM= i s. 22* 33'. And 

M m 2 taking 
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talking away Br = i s. i'^ 29', which is the complement fa y? B- 
(or ® A, already ^hewa to be i s. 28® 31') there will remain 
rM^as. 21° 4/, the place of Mars in its own oi-bit*; f^tat is, 
on the time abovementioned, the fun’s longrtudn on Mars will 
llfj 6 s. ai" 4', and the obliquity of the martial ecliptic 28® 42^ 
being alfo given. We find, by the ufual method, the ftln’s 
declination rf 56' fouth. 

The analogy between Mars and the earth is, perhaps, by far 
the greateft in the whole folar fyflem. Their diurnal motion is 
pearly the fame ; the obliquity of their rcfpcflive ecliptics, on 
which the feafons depend, not very different ; of all the fupe- 
riof planets the diflaace of Mars from the fvin is by far the 
neareft alike to that of the earth : nor will the length of the 
martial year appear very different from that which we enjoy, 
when compared to the fiirjnlfing dui'ation of the years of Jxi- 
piter, Saturn, and tJie Georgiimi Sldus. If, then, we find 
that the globe we Inhabit has its polar regions fror-en and co* 
vered with mountains of ice and fnow, that only partly melt 
when, alternately expofed to the fuj), I may well be permitted 
to furmife that the fame caufes may probably have the fsfeie 
efie(^’(ha the globe of Mars;, that tl)e bright polar fpots 
owing- to the vivid refleclion of , light from frozen regions i 
and fhat^^he reduftiqn of thofe fpots is to be aferibed-to theit 
being expeied to the fiup In the year lySr, the fouth polait 
fpot was-jCXtreE^ely^^large, which we rnlght well cXpc£f, fine® 
that ppie had .b.ut i^tely been involved in a Whole twelw- 
toonth’s darknefs andjabfence of tbl; fun ; hut iff 1^5 I foiafed 
it confide^^iy^J^^ler ^an before, |ad it decreafeJ cckitinoaily 

* W-4i*.»oi‘3l!^cW<as«lilic)r brnsqliiiKd, wa iMy aihl 3 s. ip" 34fto any given 

of pW ^yb4cl|j^^ at,oi)i;e redji^e it to what it fliould be called oi 

the orbit of' Mars, ami will always be true within a mmute. 

* * from 
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fhotti tiie *oth of May till about the middle of September, 
when, it feemed. to be at a Hand. During this laft period the 
ibuth pole had already been above eight months enjoying the 
benefitof fommer, and ftill continued to receivethe fun-beams ; 
though, towards the latter end, in fuch an oblique diredion as 
to be but little benefited by them. On the other hand, in 
the year 1781, the north polar fpot, which had then been its 
twelve-month in the fun-lhine, and was but lately returning 
to darknefs, appeared fmall, though undoubtedly increafing 
in fize. Its not being vifible in the year 1783 is no objedion 
to thefe phacnomena, being owing to the pofition of the axis, 
by which it was removed out of fight ; moft probably, in the 
next oppofition we fhal.1 fee it renewed, and of confiderable ex- 
tent and brlghtnefs ; as, by the pofition of the axis of Mars, 
the fun’s fouthern declination will then be- no more than 6° 25' 
on that planet. 


the fpheroldlcal figure of Mars^ . 

• That a planetary globe, fuch as Mars, turning on an axis, 
fltould be of a fpheroidical form, will eafily find admittance, 
when two familiar inftances in Jupiter and the. earth, as well 
as. the known laws of gravitation and centrifugal force of ro- 
tatory bodies, lead the way to the reception of fuch dodrines. 
So far from creating difficulties or doubts, it will rather appear 
itngular, that the fpheroidical form of this planet, whicli the 
following obfervations will eftablifh, has not already been no- 
ticed by former aftronomers ; and yet, refleding on the general 
appearances of Mars, we loon find that opportunities for making 
obfervations on its rral form cannot be very frequent : for, 
when it is near enough to view it to an advantage, we fee it 
6 generally 
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generally glbbouSt and its oppofitions arc (b fcarce, and of ib 
ihort a duration, that in more than two years time we have 
not above three or four weeks for fuch obfervations. JBefides, 
aftronomers being already ufed to fee tliis planet generally 
diftorted, the fpheroidical form might eafily be overlooked. 


Obfervallons relating to the polar flattening of Mars, 

Sept 25. 9h. 50'. I can plainly fee that the equatorial 
diameter of Mars is longer than the polar. Meafure 
of the equatorial diameter 21" $1'” \ of the polar 
diameter 21" if" full meafure, that is, certainly not 
too fmall. The w'ires were fet as outward tangents 
to the dilk, and the zero, as well as the meafures, 
were taken by the light of Mars. 

Sept. 28. 14 h. 25'. I fhewed the difference of the 
polar and equatorial diameters of Mars to Mr. WiL- 
soK, Afliftant Profeflbr of Aftronomy at Glalgow. 
He faw it perfectly well, fo as to be entirely con- 
vinced it was not owing to any defeff or diftortion 
occafioned by the eye lens ; and, becaufe I wifhed 
him to be fatisfied of the reality of the appearance, 
while he was obferving, I reminded him of feveral 
well known precautions ; fuch as caufing the planet 
to pafs diredfly through the center of the field of 
view, and judging of its figure at the time when it 
was moft diftinft and beft defined, and fo forth. 

Sept. 29. I fhewed the difference of the polar and equa- 
torial diameters of Mars to Dr. Blagden and Mr. 
Aubert. Dr. Blagden not only faw it imme- 
diately. 
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dlately, but thought the flattening almoft as much 
as that of Jupiter. Mr. AusEHt aHb faw it very 
plainly, fo as to entertain no manner of doubt about 
the appearance. 

As we cannot take too many opportunities of confirming 
our own obfervations by the eyes of other obfervers, I efteemed 
it a very fortunate circumftance to have the honour of a vilit 
from thefe gentlemen at fo particular a time. Mars being this 
day within 37 hours of the oppolition, and yefterday when 
Mr. Wilson faw it, witiiin about two days and a half.. 


* 7 ^ 3 » Sept. 30. 10 h. 52'. The dltFerence in the? diameters of 
Mars is very evident and confiderablc. 

Meafure of the equatorial diameter 22" 9"'' with 2^8. 

Second meafu re - - 22^' 51"' full large. 

Polar diameter very exa£t - 21 '' .26'''". 

0 &. I . I o h. 50'. I took meafures of the diameters of Mars 
with my 20* feet refleSor. The equatorul meafured 
103 parts of the micrometer; the polar 98. The 
value of the divifions in ieconds and thirds not being 
well determined, on account of Ibme late change in 
the focal length of the feveral 20-fect obj,e£t metals I 
ufe, wc have only from tliefe meafures the propor- 
tion of the diameters as 103 to 9S. 

*3 h. 15'. Every clrcumftance being favourable, I took 
the following meafures of the diameters of Mars 
w’lth my 7-feet refleftor, and a diftimffc power of 
625. 

Equatorial diameter 22" 12'" narrow meafure- 

22' 46^" rather full. 

22" ss'" exaa. 


Polar 
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^ Polar diameter 21" 24"' 

ai" 33''' verjr ejiaiSl:. 

I faw Mars perfeAly well all the time I meafured, witK 
all its figures upon the dilk aippearing diftinftly ; and, 
I think, thefe meafures may be depended upon better 
than any I have yet taken. 

* 783, 0 €t 5. I4h. o'. The difference of the diameters is very 
fenfible. 

Oil. 7. 9 h. 43'. The flattening of the poles is very 
vifible. 

13 h. 40'. I turned my Newtonian 7-feet reflciftor one 
quarter round, fo as to bring tlie place to look in at to 
the bottom; and, as well as the unealy pofture 
would allow, I faw the flattening of the poles the 
fame as when I looked in at the fide ; power 460. 

i4h. 30'. With a 3^ feet achromatic telefcope and a 
fingle eye lens, I faw the difference of the polar and 
equatorial diameters very plainly. 

‘■tDft. 9. 8 h. 46'. I turned my refledor 90” round, fo as 
now to look in at the upper end, but faw not the 
leafl: difference in appearances ; for, returning it again 
immediately to its ufual pofition, in both cafes the 
equatorial diameter appeared a little longer than the 
other; power 278, and the c\’enmg fine. 

1 turned the great fpeculum one quadrant in its cell, 
but appearances were not in the leafl: altered ; the 
equatorial diameter ftill was a little longer than the 
polar one. 

•I tried a very fine new object fpeculum, and found alfb 
the equatorial diameter a little longer than the polar 
one. 
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J183, 0 £t. 9. lO'lk. 47'. The flattening at the poles very vifible. 

Oft. 10. ph. 55^ A little of the polar flattening is vi- 
fible, fo aa to adt&it of no doubt ; power 460, very 
diftinft. 

1 1 h. 3 a'. Mars vifibly flattened, but not mjuch ; the 
achromatic (hews it alfo. 

1 1 h. 42'. The diik of Mars is vifibly fpheroidical. 

Oft. II. 7 h. 37'. Mars is plainly gibbous, therefore 
meafures and eftimations of the diameters muft for 
the future be improper. 

1 1 h. I z'. It is rather difficult to fay of what fliape 
Mars is now, for it is partly flattened and partly gib- 
bous ; but the gibbous fide not being quite in the 
polar direftion of Mars, this produces altt^ether ati 
odd mixture of fliapes : however, upon the whole, 
the polar diameter is ftill rather the fmalleft. 

1 1 h. 1 3'. The preceding fide of Mars fhews the flat- 
tening of the poles, while the following is termi- 
nated by an elliptical arch. 

Oft. 12. 1 1 h. 1 2'. The flattening upon the whole is 
vifible. 

Oft. 17. 13 h. 7'. The effeft of gibbofity is fcarcely 
equal to the flattening; or, upon the whole, the 
planet is ftill rather broader over the equator than 
over the poles. 

Nov. I. 7h. 56'. The feml-diflc, which \%fulU is evi- 
dently part of an oblate fpheioid ; but, to an eye not 
attentively looking for it, and knowing the lhape and 
exaft fituation of the poles of Mars, this would 
probably not appear. 

Vol.LXXIV. Nn 
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17I2, "tyt. 10. ph. 36', Thft ^bfeibftty nyf tl 

that the pekr dlafWetet Js t6iliii^i^f5r IdilgtSt than the 
eqtiatdfkl ; httt the cftffititftey ftdt Uftinjgl 4ik.i£tJy from 
pole to pole, makes the diflc of a cf^l^ed, irregular 
' %ufe, and renders pfeclfion in this diltftatioii impof* 
fible ; otherwilc the phafe Of MafS WOtild have made 
a pretty good micrometer trpOn the equatorial diame- 
ter, and it WK& ’Writh ftiCh a view I had dirC^cd my 
atfentiofi to this ciltumftance : appearances, how- 
ever, are vifibly in fiVCtit Of the polar diameter *^5 
being the lottgeft. 

We find that the quick ahersfiofts lb thfe vMhfe dllt of Mars, 
during the time it is in the beft fttuatiofi for Vis to obltrve it, 
are fuch, that if we were to ufe fftaity rnesfores which have 
been taken of its diameters, we Ihould' be obliged to have re- 
cottrfe to a computation of ks phafes, m order to make proper 
allowance for them. Now, fince thefe changes are in a longi- 
tudinal diredtion, and the poles of Mars ate not perpendicular 
to the ecliptic, it would bring on a Calailation of ftniill quan- 
tities, which it is always beft not to run into Where it can be 
avoided. For this reafon, I thalf Ut once fettle the proportion 
of the equatorial to the polar diameter of this planet, from the 
meafures which were taken on the very day of the oppofition. 
I prefer them alfo on another account, Which is, that they were 
made in a very fine, clear air, and were repeated with a very 
high power, and with two different inftruiftents, of whofe 
faithful reprefentation of celeftbl obje^s, the many obferva- 
tions on very clofe double ftars 1 have made with them have 
given me very evident proof* 


As 
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njiiimje^ tSJ |b<f o^Wi fl^eafure#. of tbf aorfeet Eefleaftw, 
givea it^ aagulv <|u?ntkies4 will equally fuffice for 
the pi|rp9^, By them we have the equatorial diati^ter to the 
{lolar as iqj tp 98* or as 1355 to 1^89, I have turned the 
Pi^oportioa into the latter numbers by way of comparing them 
the better with the meafures of the y^feet refleflor- By that 
hiftrunient the equator of Mars* Ofl;. 1. we find, was mea» 
fured three times ; but from the remarks annexed to the dif-< 
ferent refults, I think the third roeafure ihpuld be ufed. In- 
deed, ofi taking the difierence of the two fixft* which is 34."', 
Upd dividbg by three, we have the quo^nt 114.'''; then* 
aUottit^r two-thirds to the finft, bccaufe the remark fays pofi- 
tively “ narrow meafure,” it becomes a" 3 fAr"'» taking 
one-third from thp feepnd, which is exprefled doubtfully, 
** rather too full,” it becomes 2z" 354^'^ : this refiedion on, 
the two Hrft iqea^res. gives additippal validity to the third, 
which is aa/'35'", or 1355'". The polar diameter was meafured 
twice; aud asjap realon apj^arsagajnft either of the obfervations, 
I fhall take the rpean of both, wkkh is or 1289''''; 

Ip that by thefq meafpres the equatorial, diameter of Mars is to, 
t.he polar, aji 1 35 5 to i a8p. A lefs perfisd .agreement between 
t|vft proportions of the diameters arifmg, from , the meafures of 
the 2Q -feet; refledor and thofe which we have juft now deduced 
from the y-feet, would have been fufficient for our purpofe, as 
we might eafily have excufed one or two tboufandths, of; the 
whole quantity ; however, we, have^ no caufe to be difpleafed 
vwth this cbncidence, though it Ibouldv in part bo owntg to 
accident, and therefore fhaU^ admit the above pioportWMJ* «tti 
proceed to a farthfi cxiauftj>tipp of. it, 

Nna 
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In thfe firft fflace, it will be necelTary to fee whether any cbr» 
rc€kion be required on account of the different heliocentric zttA 
geocentric fouth latitude of Mars ; which would apparently 
comprefs the polar diameter a little, by the defeft of illumiha- 
lion on the north. On computation we find, that a difference 
arifing from that caufe would give the longitudinal diameter to 
the latitudinal as 20000 to 19987; which being much lefs 
than one thoufandth part of the whole, may therefore be 
neglected. 

But next, a very confiderable correftlon muft be admitted, 
w'hen we take into account the pofition of the axis of Mars. 
The declination of the fun on that planet, at the time the 
meafures were taken, W'as not lefs tlian 27° f^uth ; fo that the 
poles were not in the circumference of the dilk by all that 
quantity. On a fuppofition then, that the figure of Mars is 
an elliptical fpheroid, we are now to find the real quantity of 
the polar diameter from the apparent one. It has been proved, 
that, in the ellipfis, the exceffes of any diameters above the 
polar one are as the fquares of the cofines of the latitudes * ; 
but the diameter at redangles to the equator of Mars, which 
was expofed to our view in the late oppofition, was not the 
pofer one, but fuch as muft take place in a latitude of 63°. 
Putting therefore OT = cofine of 63®, ^=1355, ^ariaSp, 

the polar axis, we have i :«*::<?- at : ^ - at. And sr x ; 

which gives us 1273 nearly, for the polar diameter. The true 
proportion, therefiwre, of the equatorial to the polar diameter 
will be as 1355 to 1272; which, reduced to fmaller but lef^ 
accurate numbers, is 16 to 15 nearly. 

* Mr, par M, de la Lands, $ 2680. 
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' ' I ' fliall now alfo'inention fome of the ^tb«r mikTufel, - but 
a view only to (hew that they are vety htofiftent- with the 
above determination. From thofe of the 30th of September' 
for inftance, we colIe<fl the proportion hf the diameters 'of 
Mars as 1340 to 1286; or, reduced to our former numbefiWj 
1355 to 1300. Now, fince thefe meafures were taken the 
pight before the oppolition, they muft on that account he a« 
good as tlie former ; and, had thofe of the day of oppoiitlon 
not been preferred, heenufe they were oftetier repeated, and 
the fuperior power of the 7, and great ligiit of the 20-fcet 
refle£tor, gave them additional weight, 1 (hould have taken them 
into the account ; the very fmali difference, however, cannot 
but ftrengthen the refults of the former meafures. 

From the ohfervations of the 25th of September we have 
the proportion of the diameters as 1313 to 1275 > and if the 
equatorial meafure be increafed in the ratio of 20000 to 19953^ 
on account of the different heliocentric and geocentric longi- 
tude, Mars not being at the full, it will give the ratio of 1316 
to 1275; or, conforming to our former numbers, as 1355 to 
1312. I have not been very ftrift in the application of the 
correflion deduced from the phafes of Mars, llnce no other 
ufe was intended to be made of thefe numbers than merely to 
(hew, that they do not very greatly dliffer from thofe we havO 
affigned before • 

It 

* If more ftriSnefs be required, let EC, %. 32. be the ecliptic j PS Its.pt^es; 

the poles of Mars, and ey its equator. Then, the angle lx in 5 found, by 

calculation, wc fliall havoCw (radius) to <•»* (colmc of the ditieicnce between^ 
the heliocentric and geocentric longitude) qv (fine of the angle qmv or 
io ov* Then, fince with Mara Cr can never be very great, the fmali triangle 
f«aro»y be taken for fxmilar to qvmi therefore y;/j (radius) istp (fine 
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wflfHtf, ^)a^ loi>gItudiiaai ^ia,f|?et94- ^My, d|^ 
.0 the iat^dittaJ o»e ^ i^^j j ^o aooop, whijCh 
<^4 oat be a^ eq^jal l^nce ta oppose the. fpbero^ica^ 

^ as to feu4er it iqvifible. 

5 ut, Nov, JO. the propprth?n llae lopgitu 4 ipai diapj^^^tOJi 
to the latitudinal one, from a computation of the phafo 
l4oi'S« niulj have been as 187^ to a 0000 i, and accpi<hj?gly ^ 
fr^ by obferv^ic^. ^upd to he mure than futhei^^t to tt|te.o^ 
all appearance, of the polar gatteitiu^ and a vifihle 
iu the axis abpve the cquato^. 

To obviate a«iy dpuhts cppcemlpg a fallacy that might ajiie 
firopa the Cf^y^sity^of tl^e pjfprgUla, or irregijlar fltape of tho 
I bPiy fe%a fiw- the lattpr, to the e?tp»?tt 
extents of the 7th and Qth of Qfloh^r« 1783,: fpr Ihoyld tho 
diatpetef of my fipall; plape fpecolum hf opqafioniy}, ^ 
COti^rfiJipg of, tho polar diameter, of Mars w;he», expofed to it,, 
hsdf 0 tjiwa.of this telefcope nauft bring the other 4iatneter of 
fptpihtm. ipto. thp fame {ituation, and a contrary effei^ 
ifOifM hAv;ie.f 41 ciwed«' With rpprd to the fower, not only 
tjio «;>(fSsHil»Oi|tS m^de with the achromatic, bot^priirciiMfny tho 
ob&nratioQ with the 20- feet refleflor, where f a, eqa^f 
0md eye-piece magnifying only about 300 times, will fufii- 
ciently exculpate the eye-glaffes. It is alfo well known, that 
is a fihgle ^os the diftortion of the images, if any fuch there 

jnoO) M f» (S:fv— V*) tof «7 which it the leqwred cerreAion ar deieiCBejr 
4^ the'eqaatoriai^MiKtier /j^of Mara. 

Or, patting mCsst and Vf zeisscofiae «f the angle Pwyi ‘iS wilt bw 
f«=w* . rC. . 

'7 ihould 
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jM & iNifi liiikflire n<ol!#i(hlhit^^ i^id «he 

I iflia With tlte »»>ited flfiea^ kai l&e#Hi; kht Oati^ 

iiit the Jprojidfell ii^ 

mv, ht Fhlf^l^tc^ Trahf^kkts*, ^hieh he 

irtfci' fo oWi^Rtl; 9i 'io- BoittmiAjeAfe td ittte iA>dQt a t^^veniiiteithf 
1^ «hd wbkb I immediately ada^itkd ib haf htge inibro* 
*ei®ts. 

On the fubje£t of ffie %«rfc Mart I efoj^t to fbUtzii? 
alfo, that perhaps the meafures which were taken of its dia- 
meters Setntlj the laflt ojt^Wfttidh will <hrtble os to a£bet» 
tiiiii its reSf fhfce With ^fri^r Curacy tlrtn haS Iteen done 
befb^fe. The nridthmetdf Which can diffingoifti with precifion 
between thi et^naftifial iind j^lar didhacterS of this fmall pla- 
net, will ctjtainly be atlthttted as ati Cvidtttce of Confiderable 
cwifniu-nce ; aft '3 fihte the refirit Cf thefe tneafores is pretty 
dilft r lit from what fornhef obfervafions give vs, I ihould not 
otnit nieiitio irng it. 

We have fectt that the eqaatofial Aamctei*, on <Ke day of 
the oppofition, mtaftrred 2 i" 3y"^ The dliftance of Mars 
from the earth at that time was .40457, the mean diftance of 
the earth from the ftrti binh]^ i ; thefeforev 22'' 35" reduced 
to the faine diftahee will bfe ho mOrc thao"^"’ S'''. 

I fliall cOndude this ftibjed With a conilderation relating to 
the atmolphere of Mars, J)r. SafiTik 4 reports an obfervatioo 
of CASsiNf s, Where a in the water of Aquarius, at the 
** diftance of fix whmt^' fibhi the dilk of Mars, became lo 

faint before its occultation, that it Cotilcf not be icen by the 
** naked eye, nor with a 3-feet tclcfeojpe,’* It ia not men- 

* Vol. LXXllI. p. 94. 

t Pptki, ^ 10916, 
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^ai the. magnimde'pf th| 9 »ihfvj fi-orajitlfel 
cjrcu|;^^ice becoming .invifiblej tp* thf naked eye,, iii^ 

ijlj^jcpnplpd^, that it; rooih, haye been of the fis#i or featreotlife 
m^gilnde at leaft. Therefultpf this ch%vs|lioB would ipi|. 
atmqi^here of fuch an extraordinary lince 

of 36 foni-diameters of the planet it Ihould ,ftUh 
be,-.-^eqfe enough to render fo confiderable a liar invifible^ 
that it will certainly not be amlfs to give an obfervation or, 
igfi^^which foetn of .a yery dbferent import.- 

fit, 

1,783, 0£l ,26. There ate two fmall fixed liars preceding Mars, 

, , I of different fixes ; with. 460 they appear both dulky- 
red, and are pretty unequal; with 278 they appear 
confiderably unequal. The dillance from Mars of 
the nearell, which ia alfo the largell, with 227 mea- 

,j fured 3' 26" 2o"\ Some time after, the fame 
' evening, the dillance was 3' 8" 55'", Mars being 
retrograde. I faw them both very dillindlly. I 
viewed the two liars with a new 20-feet refle£lor of 

' Y j ’ 

. j. 1 8,7 inches aperture, and found them, aslexpc£led, 
j • very bright. 

f Ofl:. 27. 1 fee the two fmall liars again. The fmall 

one is not quite fo bright in proportion to the large 
rone as it was lall night, being a good deal nearer to 

5 * * * d \ 

Mars, wj^icb is now on the fide of the fmall ftar $ 
-but .when t draw the planet afide, or out of view, I 
, I .... Ice it then as well as I did lall night. The dillance 
of ^ fmall liar meafured 2' 56" 25'" 

• The meifut^es were accurate enough for “the purpofe, though not otherwifo 
to he depended on nearer than, perhaps, fix or eight fecondt. 
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The of the two ftars on which the above obferva* 
lions were made cannot exceed the twelfth, and the fmalleft the 
thirtepenth or fourtcentli magnitude ; and I have no reafon to 
fuppofe ihit they were any otherwife affected by thC approach 
of Mars, than what the brightnefs of its fuperior light may 
account for. From other phaenomena it appears, however, 
that this planet is not without a confiderable atmofphere; 
for, befides the permanent fpots on its furface, 1 have often 
noticed occafional changes of partial bright belts, as in fig. i. 
and 14.; and alfo once a darkilh one, in a pretty high lati- 
tude, as in fig. 18. And thefe alterations we can hardly 
aferibe to any other caufe than the variable difpofition of clouds 
and vapours floating in the atmofphere of that planet. 

R^ult of the contents of this paper. 

The axis of Mars is inclined to the ecliptic 59® 42'. 

The node of the axis is in 1 7° 47' of Pifees. 

The obliquity of the ecliptic on the globe of Mars is 28* 42'. 
The point Aries on the martial ecliptic anfwers to our 1 9® 28' 
of Sagittarius. 

The figure of Mars is that of an oblate fpheroid, whofe equa- 
torial diameter is to the polar one as 1355 to 1272, or as 
1 6 to 15 nearly. 

The equatorial diameter of Mars, reduced to the mean diftance 
of the earth from the fun, is 9" 8'". 

And that planet has a confiderable but moderate atmofphere, 
fo that its inhabitants probably enjoy a fituation in many 
refpedls limilar to ours. 

J>atchet, Dec. l, 1783. W. HERSCHEL. 
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%iL ^ jyefcription ^ the Teeth ej the Anarvjbiclias Lupu* 
Liunaei, and ef theft of the iObaettKlon nigricans the Jam 
jfut&ori to which is addedy ton Attempt to prove that ti!» 
Teeth of cartilaginous EJhes are perpetually retii wed. By Mr, 
William Andre, Surgeon i communicated by Sir Jofepb iBanks,, 
Bart. P. R. S. 


Read March i8» 1784. 

T he amazing variety there is in the external form of 
fifhes muft be obvious to a common obferver ; and who- 
ever examines will be convinced, that the fame variety pre- 
vails in their internal flrtifhirc. No parts, perhaps, alK)rd a 
snore convincing proof of the laft affieftion than the teeth of 
jllhes. To adduce a fbtv iiifhroces, let us oiily teeolledt the 
ttHberculatfed teeth in the thorii**-back;'the triangular ferrated 
teeth in the fhark ; the {lender flexible teeth in the •cheetodomeSy. 
dr 'angel- fifties. There is not only a difference of their ftwra, 
h'ut alfo in the fubftances tff which they ate coinpofed ; feme 
being of aloft horny nature; others made tip Of botie; others 
of that fbbihnce We call enatnt^ in the tetth of Quadrupeds ; 
and Ibme having the apparent’ hMrdwsft and tfarifparency of 
cryftal. 'Wc miy alfo notice iSrfdh hfttomniOn lituation; miny 
tiihes havihg teOth tic^ ckl^y in iffttar, jaws, but on the tongue, 
the palate, and ^out the fauces. 

To iUaftrate in ibme degree this part of natural hiftoiy;, I 
lhall deferibe the teeth of the Jktarrbichas Lupusy or Sea- 
wdf, and thofe of the Gbeetodm nigrkans^ ,a ipecies of 
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Afigel«ifift> ^Itc focm«r bftve been but Imperfe^iy defctibed* 
mad noyef reprefeated di|Ha& frooi the without which it 
is impolibht Jto have any etalt idea of their dirpohtiont num- 
Insi!, or whik the Ctate ihapo and uottipofitipn of the 

latter, ' feom their miauteaefi, have been entirely overlpokec!. 
1 ihall then attempt to pmve^ that a oonthciual tenovatiocii of the 
teeth takes place in cartilaginous fiffies. 

Ttts SttA-woLF is a hnce and ravenous as its natne 
imports, found in the northern parts of the globe, whore it 
frequently grows to the length of lour jfi^t and upwards* 

The jaws of theWolf-fifh are made up of levefal bones, to 
each of which a greater or lek number of teeth are { 

but, before I enter upon the d<^riptio» of them, I IhoM lake 
notice of the palate (marked A. tab. XI-)* that beii^ a kih4 
of bafis or fupport to the other bones, to which th^ atp alt 
snore or lefs comieded. The palate is a thick and hrm hone 
nnltol above to the bones of the cramum and ncdh, and endmg 
■below in a fiat oval furhtce, on which are incru^h!*^ ab9Ut 
twolve or thirteen Ibrong, blunt, and rather fiat teeth of the 
milar or grinder kind. The exC^al edges of the teeth are 
the moll; prominent j by avhtch means a hollow is formed in the 
middle of the palate. 

The upper jaw is compoiied of three bones, two of tylych 
(BB) are |daced laterafiy, forming the lides of the upper jaw, 
and the Ahird (C) aciierktfly, making the fore-part of the jaw. 
The ckiad bone> may be diwided tiamtigh its middle ti^;two 
^Mctions t hutfince it ban the j^^pcaranm of one h^»e joidy» 
the oonnei^ion being very ihrxn, 1 ihall deferibe it apSlfahly to 
that appearance, to pMtuem nsedlefsdhdfions. 

The lide bones of 4heiupi»r jaw liavo nearly the<ihp^ of an 
italic J. Af th^ polknoc («ids n»y be obforyed a fmooth 
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ai-tituW 'furface, for their connefition with a 6iM3ar 
the poiftcrior extremities -of the lower jatw ; stid on; their ante- 
rfer'etids there are two rows of teeth. The extarnal row con- 
fifts three or four tharp or conical teeth; and the internal 
row of four or five blunt and rather flat ones. Thefe hones are 
coiineded to the palate and boaes of the nofe by loofe but 
ftrong ligaments. 

The third bone of the upper jaw, which may be called the 
anterior or nafal portion, is of a triangular form, consneSed 
above to the bones of the nofe, and ending below in a flat fur- 
face, thick-fet with fharp conical teeth. The external teeth, 
about four in number, are large and ftrong, and bend a little 
inwards ; but the internal ones are ftnall, and n^rly ftraighti 
of which we may reckon about ten. 

This bone is connefted above (as I have before obferved) to 
the bones of the nofe ; between which a complete joint is 
formed, of that kind called by anatomifts ginglymus, that i», 
where the projedting parts of one bone are received by cor- 
refponding cavities in the other. Like other articulations, it is 
furnifhed with a capfular ligament, and no doubt an apparatus 
for the fecretion of fynovia. Although a joint exifts between 
this bone, and thofe of the nofe, yet no mufcles are provided 
for its motion, which depends entirely upon the rcfiftance made 
by thofe hard bodies which the animal takes into its mouth. 

The lower jaw (D) confifts of two bones, united at their 
fore-parts by a ftrong ligament, which allows of fome motbi). 
On their anterior extremities are placed fix large and as many 
fmall fharp and conical teeth ; the large teeth are placed cxtcc- 
nally, and their points are bent n little inwards ;■ while the 
fmall ones, which ftand within them, are nearly ftraighti 
Behind thefe are two or three rows of grinder teeth. The 
I external; 



external teeth ftand nearly upright; but the internal ones are 
placed obliquely, inclining towards each other. 

The teeth are formed of a hard bbny matter, not covered 
■yvith enamel as in fome animals; nor is there an equal diftri- 
bution of enamel and bone as in Ibme others. They are not 
fixed in fockets, but are fattened to the jaws in the fame man- 
ner as the epipbyfes are united to the bodies of the bones in 
young animals. 

From the foregoing defeription it will appear, that the ante- 
rior (harp teeth of the Sea- wolf are admirably calculated for 
feizing its prey, while the potterior grinding teeth ferve to 
break down the hard fliells of lobfters, crabs, mufcles, fcol- 
lops, &c. which this animal is known to feed upon. The ex- 
ternal teeth on the fides of the upper and lower jaw being 
higher than thofe placed within them, a hollow is formed 
above and below, in which the convex (hells of cruttaceous 
animals, &c. are confined during- their comprettion between 
the jaws, which is effected by the aflion of ftrong mufcles 
placed on the fides of the head. The jaws being made up of a 
number of pieces, and'connedlcd by loofe ligaments, a freedom 
of motion is allowed, and the collifion or (hock arifing from 
the comminution of hard bodies is fo much the left by being 
divided among a number of bones. 

Merret informs us *, the lapis bufomtes are the flat grinder 
teeth of this filh petrified. But certainly thefe foflils are not 
the produflion of the .Sea- wolf alone, fince they may originate 
from all thofe filhes which have flat teeth in their palaie or 
jaws; a ftruflure which the French naturalifts diftinguilii by, 
tlie appellation of palais pavL , 
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Of the Cisat<m)oh nkieicaijs. 

"tte inflvuJtial which fiirntflie<5 the ihftbwihg account "rttd# 
firbtij^t from the. Weft Indies, and oaeafured about five inches 
In length*. Its te«Ji (the onljr parts I mcah to delcribe) 
were fb fmall as to require the aflfiftance of a tdicrolcope to 
idifeover their real fhape. 'There were fourteen teeth in each 
^w, feven of which from the upper one are reprefented 
tab. Xll. They confift of a cylindricar body fixed in 
the jaw, above which they fpread out into a broad and 
rather flat furface, on the edges of which are twelve or thir- 
teen dentteali^ making an uncommon appearance, and totally 
diSerent from the. teeth of any other animal. Another fingu- 
larity is their being tranfparent, uiilefs viewed with a deep 
magnifier, when a few opaque .lines may be perceived, which 
point out the cellular part of the tooth through which the 
blood vefiels ramify, which are deftined for its growth and 
nounfhment. They are not all of the fame lengdi. Thofe in 
the anterior parts of the jaws arc the longeft, from whence 
gradually diminifli in length as they approach the angles 
«ctf the mouth. 

Fiom the foregoing defeription of the teeth of the Chatadon 
ntgricans^ this fifh feems to be mifplaced in thtSyfima Nature 
of LiitNAtus ; fince one generic diltin^lSon of the C%atodmt(s 
IS to have numerous, flender, and flexible teeth { whereas the 
teeth of the tlhatadon nigricans are few in number, placed in 
One row, and of a cryftalilne hardnefs. 

♦ This fiUi ti well reprefented in Dv Hamel Traitc general de» Pefehes, 
lomw IIL fcconde parfle^ feflion IV. platiche xil, under fhc nanse of Chirurgtm 
'wPorU Lancettt* 
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When Steno ejcamined t1j« teeth of the ffiark, he wm fur- 
jtriled to a grea* number of them placed on the tnfide of 
each jaw, ^ing clofe to* the bone^ and numy of them buried 
in a fefe fpongjr fiefli t conclu^ng that thefe internal teeth 
could be of little or no ufe to the animal. Mr. HEHisfAWT • 
afterwards fbewed the u£e a£ thefe internal or poftedor teeth, 
by proving, that as the anterior teeth of each row are broken 
arff, drop out, or wear away, the poftcrior ones come forward 
to fupply their places 

But though It be certain that the anterior teeth, tyhen lofh 
are replaced by the pofterior ones, neither of the above 'Batura> 
lifts, or any other that 1 know of, have attempted to afeertain 
how often tliis circumftsaace happens. Whether the renova- 
tion be perpetual during life }■ or whether that operation be fuf- 
pended after a limited number of teeth have been fupplied. 

From a fiugulac cuoumftancc, which I met with fomc 
time ago, I am inclined to think the former is the fa<3:; pr, 
that in cartilaginous fifties, fuch as (harks, rays. See, there is 
a perpetual renovation of the teeth- 

Being engaged in diflefting the jaws of a very large lhark, I 
was furprifed to find a portion of that (harp, bearded bone 
found ift. tl «5 toil of the fire-*flaire, or fting-ray Xt driven quite 

ltii)uy>«pt be>«R^opar «Rr<in$«QC»a&« to paint oW,» 
oiatuntUib kaw faUen lin allowii^ a ief<rf. innfcle*,ibr raifio^ 
teeth jtlacod in the jaws of fhai*k*. I have frequently difleited the jaW of titofie 
animals, acid am certain no luch thtifclet exifr, nor are they indeed at aM necelTary. 

't ^SHua Ta/titiaed^hnii^xt. ‘The Frendh'iuniiMliftt, 'On tte %eM 
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through the lower jaw among the pcdlmcu' teeth^ and fixed 
almoft imwoveahiy. How thU ha^pWifc^ linilffi he obvious to 
every one. (See the %ure,, tab. X1^.). 

1|^fore t proceed, it will be fiwkaiy to bbletYe, firfi, that 
the |)bfterlor teeth of cartilaginous $fties are always found ?n a 
'*foft, membranous ftate, and bu,Hmpjerfei£t1y fortncH;^ notwith- 
]^tandiug this, they have th6 whttcnfcfs of te«^ froto a fmafl 
qjuantity of calcareous earth already depofited wlthib their fub- 
"ftanCe. Their hardiiefs and perfect form is ab^hired aS they 
advance towards the anterior ^atts of the jaws. Secondly, 
'that of the three angles in each ‘tooth of the lhark, one is 
placed towards the right, another towards the left, and the 
‘other, which is in the middle, and the moft acute angle, is 
direfted inwardly towards the tongue or fauces. They are 
placed then in fuch a fnanner as that the angles of the teeth on 
the left-fide in one row, approach the angles of the teeth on the 
right-fide in the next row. Thofe teeth which ftand on a line 
from without inwards, I call a row ; not thole which are placed 
nearly in a parallel line from one fide of the mouth to the 
‘other. 

The lliarp bone of the fting-ray was fixed in the lower jaw 
jjctween two rows of 'teeth, and at their pofterior part, wheiie 
the firft rudiments of the future teeth are formed, and it will 
be clear to every one, particularly thofe who are tonverfant in 
‘fiicfi matters, that this could not have happened without pro- 
ducing a great ^eal of pain, fweliing, and diforder ia the part 
'where it was fixed. It is unncceflary to enumerate the dif- 
ferent kinds of mifehief this might occafion. Let it fuffice to 
obferve, that on account of the :Qjace taken up by this extra- 
neous body, the teeth on each fide of it, for want of room, could 
«ever after be perfedly formed. The teeth on the left-lkle 
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'WKti^ng thar auglet to the right, and the te<^ on the righl> 
iide being dd!bitnte of their angles to the left. 

As it is certain, that the anterior teeth were formerly pofte- 
•rior onesi and as the teeth ia «ach tow were all deficient in oiws 
angle, it follows, that they muft have been fwmed pofteriorto 
the infertion of this extarancpus body., Again, if we allow 
that before the accideut the animal was in {wfiefiion of perfect 
teeth, it follows alfo, that they were confumed and replaced 
by in)|i6rfed: ones. 

There were fix teeth in each sow, nnd fifty-two rows, 
making together about 3 1 2 teeth* Nqw allowing the con- 
fumptbn to have been *equal in ajl parts pf the jaws, it fol- 
lows, thrt the animal had already confamed 3-1.2 teeth, and 
was in pofleffion of a like number for future confumption. 

The teeth of (harks, rays, &c. may be divided into adive 
and paflive. The adive teeth are the anterior ones of each 
row, Handing vwth rhesr ^ints tqpwards. The paffive teeth 
are the remaining ones, lying one upon another, like the tiles 
upon a houfe '(imbricated), with their points downwards. It 
•appears from the foregoing account, that the anterior or adive 
teeth had beas replaced fix tiiRes^ and fbat they might have 
been renewed fix Motes more, tn^ng ba- all twelve times. 
From which, 1 thidk, w« may veafona]d!|^< conclude, that this 
•does not haj^Mm any >^recife number ^df^imes ; but that the 
renovation is .perpetual durj||g-fj^ll%»of the animal. 

The longevity of filhes Is a fad pretty wdl eftablKhed. In 
4 idditbn%othis part of natural knowledge, I have endeavoured 
to prove, that a pnrt of the anhabitaats of the great deep re- 
«tam, in theorticleof teeth, a perpetual juvenility, being appa~ 
tently utter Grangers to edentulous old age. 
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W Xli ’Itie jaw» of this Wolf4ili. 
i?. T^c pdaifi. 

BS, Thefi&l»6riii^of 
q. Hie ahttafcr 
DiThelo^rja^ ' ' 

Tab. Xll. The teeth of the Ch^nAm 
Tafc, XHf. Part of die ld#ef jkvir of » I&t^j0^a«r ' 
AA. Tmto rtwsrof peifeft teeth.* 
fM. T^otto#8'of 
C. The booe'of that ftiiiig*tay‘. 










CHifiTODON nigricans LiNN. 






C 3 


XJJt ef a Regifter ^ the Saremter, fhtrmemetfr^ 

and Rain, at Lyndon, ‘ Ilvtljuid, 17$^. By Thomas 
Barker, Ef^r, ^ Thomas White, F. /?. 5. 
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Read March 18, 17B4. 
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aS4. A/''. Bak*eii^ Regtfter of tjie 

The year began with a fltort dry froft, then fhowery, iiitei** 
mixed wit!i froft. The end of January, and near half of Fe- 
br.qaty,, ftormy and west, and after ten days fitie and- mild ; % 
fevere feafon for fijpw, wet, wind, and froft. The end of Fe- 
bruary and beginaing of March cut the grafs, coai, and.ftock, 
more than all the winter before. From March it), to May 27. 
was a very dry feafon and fine feed-time ; but fo dry at laft the 
late I'own com could.not qpmc up. Thcs,fprlng was pleafont 
but almoft conftant ffofty mornings till April, and frequent 
afterward, kept things backward.; and though there was fame 
hne warm weather the middle of April, yet later in May the 
drought and N.E. winds. flopped' the growth of things and 
two iharp frbfty nights, May a-y. -andiad-.-the rime was par- 
ticularly cutting in the. meadows, that the young flroots on 
many oak aiid alh trees- in the vail its were, entirely killed, while 
thofe on the hills were xaahurt, and‘ Ibme ojf the tops of the. 
trees efcaped, though the bottoms were bfeftedi ' ^ 

May 27.. to 3dl in a continued thfefes'days rain.thero fell '3I 
iiiches,. which, is, 1 belidve, the naoft that has come in one 
continued uncealkig rain foice July 1 736, when, in about die. 
fame tinie, there came hue; inches bi|t the rain^tlus May was 
not alike in places, for there was not a.4ihul:e£ fo mu(|h in 
Hampfhire. iThis rain was-of| vaft f<wTlice to bring up th# late 
fown corn, at# make the gj^afs grow well ^ fafut this and ifooie 
other hafly rains afterwards hui1;.the me3d6W graft, bf ^ftoddmg/ 
it three rimes. Hdjf livcather fo^tecdlngv it was a ve»y giWiqg 
time, and ten day8.,tdgBtHej:, in»the middle df J^ne,y wefo aUh 
wet. * ' ‘ ‘ , i , ' w 

During tfie fboweryf tiiae an tme^^nufton haadooft- , 
which was very remarkable aih the - of the focAioer i 
air was all th!ck both below the clouds and above them* the 
0 ' ' hUlSi 
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■feJHis tooked blue, and at a diftande could nor be feen ; the fua 
Alone very red through the haze, and lometimes could not l)e 
fccB whcri near fetting. Tljcre was -more or Icfsof this haze 
altnoft conftantly for a month, and very frequently to the end 
of the fumthcr, aitd it did itot ceafe till* Michaelmas ; and nei- 
tiicr rain nor fair, wind nor calm, eaft nor weft winds, took it 
away; and*icwas as extenfivc as common, for it* was the fame 
all over Europe, and ex^en to.the top of the Alps. This haze 
was very like Vikoil’s dtfcripdbn of the fummer after J. 
CiESAR’s death, whichwas probably the-fkne cafe> 

Cum.caput ok/curd nitidum ferrugme kvitf. 

for rufty iron is a very good defeription of die coltmr the fun 
fhonc. Bur by PtuTAHen’s account^ near the end of P. 
PMSAJL-, that fummer was very diffeent* from this in other 
refpefl:s for,- be fays, the faw gave very little heat, the 
air was cloudy and heavy, and' the fruits not ripened, which 
was not the cafe this year ; for tlas was a dry haze^ the fum- 
mer in generaV'hot and dry; and in fome^countries very much 

I think I never- knew more mifehief done by thundi^r than 
there was in diHerent places this year> from ^ beginning of 
J^ly* and very* feldom mere or bolter weather ; yet where 
they had no& thofo thunder-fhowers they fuffered by being 
llnrnMip^ Here weiiexfor wanted grafs after May, and the 
biy and’harveft were boih* well got* iw; but m-Surrey, HilBpM 
foire,' and Doifotj they were veiy much burnt up, had little 
bay, and as they had a good* deal of flioweiy weath^. in hai»* 
veft; thwr barky fuffored twice, foom not eomiog up ih tlnuB; 
and ^agaiiv in getting it, tn . As the rain this year was -chkfijf.in . 
ihowdrsor fudden rains, it foU.veiy uncertainly, as appears by 

, Gon)jp>ariu|i^ 



fell here witji thut iu ^fji^flilre. *J^e jla^r • 
j>|ct of Auguft and firft of September was 
in tl»is couptry not fo much as to hurt the haryeA, a great part 
of whiph uras in firtl. The crpp ,of gr^n was ^ 
pretty good, but did nq| y^^ foough to poake up the dcfefl; 
of the l^ft year’s crop, ^eyery body was fp mpchput of aU/orts, 
as the corn If ft year was hot|i Ipatceaud bad ; grain, therefore, 
epe^nped dear this y^r, efpfcifyy barley. 

The fiumncjr 173a hfe^ ^ 

flower buds ^ ^Pfjuy rtei^ were very fmall and not perfededj 
fo that this fpring there was a great want of bloflbms on the 
wall fruit and apples, and exceeding few indeed on alh-trees 
hawthoru. I do i)ot know of ' any aftikeys at all, nor any 
bynehes of haws* only: a few fcattered Angle ones; but cber- 
fies and plumbs blc^bsned well, and. there wps no yvant of 
(ftmt ; plenty jpf (Curxants, atul vaft ppantities pf gpofeberries. 

Augpft .i 3 * a rewrk^le ball of lire was ften bfctween nine and 
tfiB.4tnighr*..aWpwer Sngknd, and pven h* foreign copritrics. It 
feiPiwd tp ix»wp from apith to Ipiuth .1^ fo#h-eaft. Th«m 
was another 0<ftober 4. but not fo much obferved, and Ibq^ 
fay.anotht^ afterward* bj|<: lirtle fw J hot there were y«^ fow 
«oi^p* :%hts this awti^f - t 

The yu^tan was a yety fine omt fial^, fair* ao 4 i»iJ,d< bpf 
father too dry for the fowing oAwheaf. ^shifiih* hpv«y<cr, in 
general Pawl t»p well, and wbil lay d*f w»shrp!^htjup;yei!y 
fipely by tm wet the mlMh of liovespber. j aftir; 
it was dry and j^eilgilln* an, <^i rndd Aiae, Wifti kw 
moflnw^s; bjjt a good deal of ^rk or niifty weather In fjeep!^; 
her, yet nwld till the daft week, when thert fa«a« a $mp fnow» 
iwiy feitoreftpihisiiidfiatftngftrpng wfodf whiahepde4itbe.y<;aft 
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XX!I> Oft ihe Periods ^ tbt Chavis pf UgBt in ihp Stai^ 
AlgoL tn a Letttr from John Goodricke, io the RtVi 
' Atti^umy Sh«phcr4i IX D,. F. M S. P/^f^or if Jfirofm^af 
Cambridge.. 
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»• I H» YorK, Dec. 8, iji’j. 

A S I am now abli^ by collating ibme of mjr late oblerva- 
doiison AlgcSl witib thofe I fent youlaft ifay, to- deter- 
mine with gfsaterpnedliott the periodical return of ita'chlthgfes» 
I wiih to< add this as a kind of fupplement to that account 
TIiC m^rbd I have here purmM is by taking thef intervals- 
lietwitea accurate obli^atbns of Algol^S'leaft btigKtiMs ol^ 
gceirteft dimtimtion of light made at long dill^ucs of time 
fk)m! each otler, a ceSfhfiii ilihm- 

ber of revdiutiotis, as will be beil underilood by the table be- 
m. thtr tiilfife clhlfiiif 1%' h^tvSb rs.‘ the 

nmmWim^^^hSi'imieri tik errofs of oBfervitiftr^ 
aWf dWlhlflfed: m Hoti/evtir, aiiytt W 

exclttifedy but 1 think the period is now, by the 

mmm, 


% 


Meait 



tie 


MtwXk iifiiei of AlgoFi 
ietfi brifhtttefs* 


1783 

h. 

t 





ho 

■r 

/# 

}m* %4 

0&. 25 

6 

2 S'l 
39 J 

tn^intlfrval of 99 rctrol’utions, tnth 

2 

at) 

49 

n 

Jsm^ 14 
Wor, 14 

9 

8 

2Sl 

17/ 


106 

DKt. 


20 

49 

10 

Jan. 14 
Kw, 17 

9 

4 

2Sl 

S*J 

Pitto 

107 

Ditttt 

*2 

20 

'49 

3 

r«b« 6 
oa. 25 

« 

6 

11 } 

Ditto 

9* 

Ditto 

2 

20 

49 

3 

T€b* 6 
Nor. 14 

8 

8 

:n 

Ditto 

98 

TMtto 

2 

20 

48 

5 t 

Feb. 6 
Nov. 17 

8 

4 

i»j 

Ditto 

99. 

Ditto 

2 

20 

48 

S» 

FA. 26 

oa. 2^ 

t 

431 
39 J 

Ditto 

1 

84 

.Ditto 

2 

20 

49 

*4 

FA. 26 
Nov. 14 

9 

8 

431 
»7 J 

Ditto 

* 9* 

Ditto 

2 

20 

49 < 


FA* 216 
Nov. 17 

9 

4 

431 

52/ 

Ditto 

9 * 

• Ditto 

a 

20 

49 


Jan. 31 
Nov. 14 

*4 

.8 

29 1 

,* 7 'i 

Ditto 

i<re 

Ditto 

2 

20 

49 

4 

Mve* 21 
Nov. 17 

8 

4 

f.} 

Ditto 

84 

Ditto 

Q 

20 

48 

46 

Heace the opened of A|goL’i wriation ii, 

«a a mean. 

2 

20 

49 

3 


could have added ieveral more com|>an{Qns of the like 
thefe are, I think, fofficient. It is to be r^menjbered, • 
thatsd|i;he oblervations coutaiatKl m»the«bow table are reduced 
tomeaallme. 

It appears toiine now, that the duretum of the rariathuiis 
■about eight lu>urs ; but, as it is difficult to hit e&a£tly i^he be- 
^nniug and end of the variation, this may occafirei different 
obfervers to d^r in this refpeft. Before 1 conclude, 1 beg 
Heave tocacatioa a^cugiiiance deferviag'of notice^ which is, 

. . that 



if i4g$t h li# Stm* A^ol' tftf 

that FI'AMST.ead has alfo amongft other ilars ob&rved Aigpcii^ 
Ind in two places has marked it of lefs magnitude thati at 
other times* vrz. of the third magnitude* 1696, January x 6 , 
6h. iff and 1711* D6c<axd)er 5. ph. both mean time 
and <^d Aiie *. Sufpedting thefe nu|^C probably be days of 
Algol’s variation, I computed the interval between them, but 
could not find a period anfwerable to ^at which I have above 
determined. Upon examining more clofely the obfervations, 
1 find, in that of 1696, he marked at the fame time the mag- 
nitude of ( Perfei ; which, conhdering elpectally the neamefs 
of f Perfei to Algol, makes this obfervation to be relied on for 
its Juftnefs, and lefs liable to any mlflake of judgement; 
whereas the other obfervation of December 5, 1711, is more 
liable to error or doubtfulnefs, becaufe he did not then mark 
the magnitude of f Perfei, or of any ftar of the fame magni- 
tude near enough to Algol. Prefuming, therefore, on the jufl- 
nefs of Flamstsao's obfervation of 1696, to think that it 
probably was made at a time whoi Algol varied, 1 compared 
it with one of nunc, vise. Ofiober 25. 6h. 39', 1783, and I 
find there b, in the interval hetweoi thofe ob&rvations, either 
11,176 periods, each of ad. 20 h. 49' 18"; or 11,177, 
of 2d, 20 h. 48' 56'^ The laft, as it approaches oearefl to 
the tefults of mySeftdbfervations, I think, is the exa^lefl de- 
temunatkm of die period. H^ii, however, all proceeds upon 
the fuppofition that Algol vari^ at the time of Flamsteap’s 
obfetV^ahm, and ahh that the peru«i is r^ular. ^ 

• ffifiotis Cttkfti*, t*}. II. edit 1715, 9. 284* ud 534. 
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The 



'g|i> JtHf 

^fs> ^/ #5 ^ ^ ^ / i ^ 4*1 ^ 

fel^Rv^iij;^ is flwrt a’Mrr^j^ of mf latejpbfemti^s 
w|l«n i?s leaft jn^Uitude jwas.appijitatel^ . 


Auf^ t^‘ . 


' I 


,1 < <^ 


' r‘ r I '♦i » i ^ ‘ ut 


il . \ h 


nmiS i' 

ll|){l 4 '^jlidE>e. 

lo ^z Aboyt^/jqual to l^e^i, th<^gji Al^ol , feemed tO Be 
lather tright^r. . . i ; i 

It 7 Evidently ^efs than, f Perfei. ' ‘ 

i^'22 Ditto;, blit jrather difficult to diiunguilB tBcni, from 

<• f ' , , .' / . . U * 'J M 

each other. f, . j . ,, 

Jl ^o Rather brighter than and^hot fabright as 3 Perfel. 

12 o About the brightnefs of^ $ Perfei, and rather lefs ^than 
^^Trianguli. * ^ / - 

12 30 Brigliter than ^ PerfeK and rather not fo' bright as 

' (, . ?n . -I 

jS Trianguh. . , . • 

^ From thofij obfervatious^ by taking a meai) between 
, I i h. 7'"and 1 1 h. zz\ it appears,' that its leaftibnl^t?- 

, , nets , happened at 1 1 h., ^4 ; true, T tnuuc, to < . ' 

i ^ , £ *.4 . 0<^oScC *** ' V U 

S 40 It w*s coilS^jJprably Icfs tlian Vl^erfiM'J^ ' ' ' '■ t -J-iii 

Xi'Dittk'V -'I;' - 
2 ti e PtJrfei,^^^ Al^tJ “ 

7 M, About pqual to ( Ftiteu ^ , 

' y^'Br&erthanf^ldVtftha^ r 

825 Atkwt the third rnam^e,, and eqmi to "jS ^r^tjgijli. ’ 
9 35 Between the fecond ahA*^ferd mi|gnitude'; brigliiVr than 
and mhiep kTs thanVi^tfiafi^ ’ 

to 10 About the fecond magnitude; rather brighter than « 
Pegah, rather lefs than /SCafliopcae, and not fo bright 


ai et ahd y Caffiopeae. 

*' i.) 


I -S^her 



App^ ^ 

h. ' ^ ^ 

10 40 Rather brighter than j 3 Caifiopeas,'Bali^s l^an ‘« jtod>. 

1 1 o Nearly equal to, if not rajhor brighter th^, ^ Cfe- 


pex, and leit tl^in « C^Bopeit*, 

In 20' aftermrds ^t Was of the lam'e'bVi^tnWl^i brace 
, we may conclude, that, the yamtion h^ ended at 
1 1 h. o'. 


fit 


hU. 


A ,, 

M. 


r ^ 1 



Its Icaft br^htnefs from the oilerw^^ions ^apfvears to 
have happened at 6h.,55'; tfue,**f *ihinkV*ib 10'. 
November 1 1. . ' , , . 

10 5 Third magnitude; iiot much different iVom'i I’ferfbi 
and ;Q Trianguli.. 1 . :'X ; 

10 45 Between, the. third and ^urth majgnitude ; beH^Ire equal 
* '■ 'toJPerfei.^' \ ' "V,’" , ' '■ ' 

14 14 Lefs than ^.PerfeL. , * 

i 1 48 Ditto ; but th|ak it 

ra^qr 

Its leaft ; 
have 

quarter, of an hour! The weatheV was rather haz.y. 

" ■ ■ V 7 .','"!No.yfcm^rj 4 .^ 

, 5 o ,]|^tween the fecond andtiiird magnitude, and lefs than 
, 0 Caffiopese. . _ , . ^ 

5 ,;Ws.,'Afittfe^nffhtW^ ■;* ' " 

^ 50 Not lb l^bt W and' jathet bnjghter than 

, i io‘kVttje' i|^^r lI'anT^I^^’ and believe to.., 

' ■■' '' '*• i -S'jfl afotjc' 3fi J>o!lrai| yi!'i 0:i eltfcTjWS 

- iJUiiSy* ib# aadrclMtf# m?w ^ 

rations is thw- « little left 0 

n ?cgafi» ntto a littJb brighxer than^ Ca^ppaa^ ^ ^ 



Mt* Goooaicxji ^ ink Fkwi, M* 


h. ' 

8 3Uf»thaQ ^ Bcrfci.^ 

t^j^o Ditto. ^ , 

ji o" Equal to p, though Algol appeared rather brighter. ‘ * 

9 lj[ A little brighter than ^and p Perlei. 

By taking a mean between 8h. 25^ and 8h ’4o^, it 
appears, itt leail; brightnefs happened at 8h. ^2'; 
true to 10 minutes. The weather was rather hazy 
during fame part of this obfervation. 

November 17. 

4 ^8 A little lefs than p Perlei. 

5 15 iDitto. 

5 35 Rather brighter than p Perfei. 

5 50 A little brighter than p Perlei, hut lels than $ Perla. 

6 5 Rather brighter than S Perfei. 

6 40 Equal to 0 Trianguli, and brighter than i and {^Perfei* 

7 ^ A little hr^hter than $ Arietis. 

ft 30 Bttween the &cond and third magnitude, and equal tn 
0 Calimpeae, but lefs than » and 

$ 50 Second nu^ittide, and ^ual to y Cafliopese. 

23 Nearly the lune, if not rather brighter. 

' The variation has^tberelbce mded at 9 h. o' nearly, and 
its leaft bri^tnefs by taking a mean between 4 h. 58' 
dhd 5 h. 1 5', happened at 3 h. 7' ; true, I beKevCr 
to 10 minutes. The weather was dhe. 

1 have £wetal more obfervatkma on A|go!, where I hare qpt 
been able *14 afeertain tea leaCl bri^tnehi, which all happened 
agieeidde to die period as abaeie determined# vk. May ao^ 
July 5. and 22. Auguft 14. Se^Aember 6. 9^. t^2..aad ad. Octo- 
ber I. 5. 19. anil iA, and Deeenaher 7. ^ 


r 
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XXitf. Eicperiments W Ohferva^m m the Tonra Pwadcn^, 
&c. Sy WMiam Witheri^,» M, D»i wmuueattd by 
Rtdlunl Kirwan, K It S'. 


Read Aj^ t%t 1784. 


SECTION 

I 

^erra pmiert^ tier at tu. 

T his {bbfianee vm got our of a tead-mme at AUlon- 
Moor* in Cumberland, i fii^ faw it in the valuable 
ooUedion of my worthy .and ingenioas friend |ilATTH£W 
BouLTONy £% at Soho; who, when he ^dted -k ilp» con- 
jedured fi:om iu we^ht that it contamed iwxwthuig metallic. 
About two years ago I faw it in his pofieffion ; and partly from 
its appearsaice, beit^ diderent fimm tharof any calcM'cous ipar 
1 had leea» ahd partly Stum stt^gieat weight, 1 iufpei^ed k to 
be the fpatum ponderofuiu# . ^ 

A few experiments made ii t^ae'moment condrmed my feif> 
l^cioils, at lead ib fer as Id ihew'fhat it contained, a h^gf f^rOf 
portion of the term poodtenda united to fixediair: but 1^ imt 
then flatter myfldi k would prove fe>puf» as' I ffeeiMiUr^ 
Ibundittobev 

. IPvofeflha 



^jd/ervatmu 

Profeffor Bergman, in his ScJiagraphia R^i NCnwalis, 
publiflicd laft year at Leipfic, conjcaures (§ 58.), with his 

H otiswmt♦w«lft«|nip^ataW 5 « 

de aerafar .4 .A >i ^ J 

I was mu«^ delighted by the detedion of a fubftance which 
promifes to be of very confiderable utility in chemical inquiries, 
and more fo when I fqiijnjd it to^J^ a,native of this country; 
for it is not improbabfl, thafit maybe metVith in many other 
mines, befides that at Alfton-Moor. 

Mr. Boulton, with his ufual benevolence, prefented me 
with a, piece of it,^part^of whjch a^conjpanies this paper, for 
the infpe£lion of the Members of the Royal^^iety. 

r K 

^ ♦ t \ t ^ 

More ohvto^fts Properties. 

r ‘ 1 ''nh.i ... . (i 0 I. . , <r,r 'tii 'rs^ 

»*^s>g8neral s^pteiWHteis 'tidt nluch «!iiilgft>thiil a’kim pp f 
. it'fwms^tbe^onapfilwlil^ 

Banter' ypidulks ih^oti coi^fl6t,')tiuit 

ji|at‘>witi»'ab|tDi&i > its j aasrii^ilt BikA 41^^ 

‘ <■ <J } rt'ii A 

iHlRriliil^es with' acids,* -aiid tasltii tti^jiidthe yi9W;^p9i 
tiiB^illi^r^ IHag!sdun;a«»v««^<p!ii^ 

parlour ■fire, it loft its tranfpar«stcy..(,. i . .. i. J 

4 i^iiftlsetd a modcrani!: heiit; an a fufsuci^ it 

add < eadtil^wi 'Sl^o$ 13 ^ ft|fiopit« 
wU^^cn dMjhal ^eel:«anftic wl»«d*#7 
Mr kdiit ieft hs.’ 'ptt^p^, 

wtthwids. . I * 'V 

■ , Hence 



Ifeipre k p p^bable, that its.loCs.of | rm^rei'icy' ^ks rannsK 
Q^ailoneo by numerous ’fmall crafckij’wh of 

li._ — ^ of* iti atffhi afcid. ' ’ 


the wat«r of cryuairizatioii, or 

;/ ■ ' ! 


f If,,!- 


> >1 ' I K. . ,1 • ;j ,! 

EXPESIMB'NT'Si 


A. 500 grait^s, dilKifved in murittlt |«M,ijB'fbdi*ajHiajQncr 
that nothing^ hut ^laftic flhW' Coutd jeioai^i loft ini rQ|i;^|i6^ Jitgi^ 
^rafhs, and'ihifeYetftaiflcd ati 4 n&labl 4 ‘«l*A«iai».of aaear|y 3 
grains. " * ; -f'l ; ■ . li' r rj 

‘'’2. In ahtrthtrr experTmtdBt(’’'ioo grs^S Soft ia 'folialtion'^ai 
grains, and there remained 0,6 of a grain infoluhle.maiiterj 
‘ tJ. 100 graihs dfflblVihg in dilaW ^rtktih 4 t^»'gahif but 25 
Otince meafufes of air. ’ 'This aic Was feceivod in <j[tHck{ih'er, 
and* When the f^ar tvaf Wholly IbiiltiDn was 

h9iled^ in'o'fdet to dn<>i;'oi 5 t-^^hkt air' might^ihelbdged ilSitu 
‘ ^his dir Was hcaVfer thifh aWs it was oreadily 

abfefbed by''agirafe)n' in' wsWiri' k'^ji>ttGipi?kfcd'iim»o feoBnilinKi' 
water, and ’ilr'extih^oifhecl fl'atnei'^ Tlffi WMier^-MKhkhlliaid ahr 
lbrbed'‘it^ihan^ed‘th«!^i3ltie'‘bdhiiut Of litthWSi floWjTtf thi^ Jcd ; 
fb tha^ l:hi^dfkftic''fluid'\baV'(ih'Jbiibfcdly'ife«lfliif.r. b .>.j ' 

miiA fbai. fi^cd 

kfibWifcti '"a jtfteS^litpper jwaihingatMl 

drying, weighed 1 00 grains. ,1 

' ^ i. Vlifs’'pb?cff)ifc\te,' a^i>to{^<iiblved. *2» m^ine 

iapid[ yieldyU’^bHiy 20* ddti 6 eA 64 llr%sW^i^«jdfair{ ii UfrIV' 

i-*. -1 -n , mi miKuolrj-M , ; -ui u.. t i 


♦ Other acids turn the blue of litmus lullantiy to a red, whi!il,|TfSff| ^pipKj;' 
Wnm^ ii#K ctoMJ nwl tbsw ftlviiiwrf 

ftbarim jS^epjgr?d^4iy gfowj mji^duiina, 

■ ■ ' :• n. i' . . vf :;:tb!h • 



I>T iTa ft llkur^ted ikudoti in acSd fixed vtige- 

table aficaly was added « the earth was preci|»txted, and a quati* 
tiQr ef fixed airefcaped. 

ft. The fame thiftg fai^spened when mild alkaly was 
added. 

3* When eax^tp vegetable alkaljr was ufed, die precipitation 
tetdt fdace, but without any appearance of ed^eiceuee. 

4. 50 ports difiblved in marine acid lolh dunng the fi>lu- 
tion, nearly 10,5. This folution, up<m the addition of caufiic 
vegetable aUtaly, let fall a preciiutate which, when wafhed and 
dried, weired 45,5. 

• 5. Phlcgifiicated alkaly precipitated the whole of the earth 
from parttof the folution for mild fixed alkaly afterwards 
added to thetfiltered liquor occafioned no further precipitation. 

E. Part of the precipitates D. i. 2. after expofure to a ftrong 
ifeat in a crucible, was thrown into water. Next morning the 
water was con^letely covered with an iep-Hke cruft, and had 
the acrid tafte of lime-water in a reify high di^ee. 

a. The fnftlkil portion of vitriolic acid added to this water 
occafioned an immediate an§ copious precipitation ; and when 
this acrid water was diluted with aoo times its bulk of pure 
wftttftV' frxe precipitation uprni the additioh of vitrudic acid was 
yet Jfijufficiently obvious. 

3. A &igie drop of this acrid fvater, added to Solutions of 
tartar of vitriol, GLAVBBft*s fiilt, vitriolic amnumiac, alum, 
£pfom fidty ielenite, occafiemed an kamediate precipitation in 
all of them. 

F. The precipitate thrown down by the caoftk vegetable 
alkaly (D. 3.) was put into water, inexpedbition that it would 
n^akelinao-watar; but neither upon (landing, nor after boil- 
(fid this water exhibit aay prectintation whem ctmeentrated 

vitriolic 




vitiioBc was dropped ia it ; aor had it tay acrlmontaut jot 
•bther peculiar tafb. 

G. Concentrated vitriolic acid was added to one por^on oT 
the precipitate D. 3 ; concentrated nitrous* acid to a fecond 
portion ; and marine add to a third portion^ No efFerveicence 
could be observed, nor Was there any appearance of foiution. 
After ftanding one hour water was added ; and the acids, thus 
diluted, were fudered to remain upon the jjortions of the pre- 
cipitate for another hoar. They were then decanted, and Iktu'* 
rated with mild foffil fixed alkaly, but without any appearance 
of precipitation, 

H. The part precipitated by the phlogiftuated alkaly, when 
mixed with nitre and borax, and fluxed by a blow-pipe upon 
charcoal, formed a black glafs ; upon fiint-glafs, a white ; and 
upon a tobacco'pipe an opaque yellowifil white one. 

z. Another portion melted with ibap and borax in a crucible, 
formed a black glafs, but without any metallic appearance. 

L The iuiblubie refiduum (A.) was boiled in water, tlie 
water decanted, and mild fixed alkaly added, but without any 
fublequent precipitation. 

3. This iniblublq powder was not attacked by the nitrous or 
marine acids ; but being put into vitriolic acid, and boiled a 
confiderable time until the acid became highly concentrated, it 
diflidved entirely, and Separated again upon the addition of wa^ 
ter. It will i^pear in the fequjcl, that the lame thing happens 
to marmor metallicum, whet) diiSblyed by boiling in the 
of vltrioL 


R r 
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Dr, 

'jj iff* <,f« ,<*>,<>■ , ? .*. '* 

COKCLUIIOKS^ 

jlil^ce it appears, th^ loo parts of this ^ar coataiai 

>» 

Terra pouder-ofa pura • 78,6 

Marmor metalUcMin - ,6* 

Fixed air - ao,8. 

loo 


OBffERVATlOfrS. 

rft. The quantity of mild fixed alkaly neceffary to faturat« 
an acid, previoufly united to the terra ponderofa, contains more 
fixed air than is neceflary to faturate that quaiitky of terra pon- 
derofa D-. 1.2. 

adly. The terra ponderofa, wfeen precipitated from a» acid 
by means of a mUd fixed a|kaly (D, !► 2.), readily bums to 
llrrie ; and this Jime- water proves a very nice tcft of the pre- 
ihnce of vitriolic acid. E. 2. 3. 

^iMy, It ia very remarkable, that the terra ponderofa Ipar,^ 
in )tfi native ftate, will jiot bum to Kme. lii the Ibwcr degrees 
of heal it fuffers no change, as was before obfhivei!, befides 
the I0I& of its tranfparency. When urged' with a Urohj^Cr fire, 
it melts and unites to the qru^le, but does not become caufific." 

I buried it ih charcoal-duft in ‘a c^i^ercil Crublbfc, And then 
c^pofed ifltod pretty -ftrongheat ; but it ' did hdt part With i^s 
air. 


May we not conjecture, then, that as cauftic lime cannot 
unite to fixed air without the interventioti of moifture; "and as 




li tlie nfMit water which fa^eott the; tx «4 ak allUttusig ks 
elailtc ai^utl Aatc } This fappoiitloa hecotbee (hll more probst- 
hie, If We ob&rvc that whew the folutioQ df the fpar in an 
«cid ^ precipitated by a mild alkaly, G. %. fome water en - 
ters i&to the compofidon of dje precipitatie^ for it Weighs the 
fame as before it was ^Solved,' and yet contains only aoounce 
saeafures of fixed air, whilft the native ^ar contained 25«nnce 
mrnfnres ; fo that there is an addition of weight equd to that 
of 5 ounce meafures of fixable air, or 3J grains to be accounted 
for, which can onlyaTife from the watw*; nod this precipitate, 
thus united to water* readUy lofca its adrial, acid in the fire, 
E. I. • 

4thly, Profeflbr Bbegman fuppofes the terra ponderofa to 
be a metallic earth*; its entire feparation from an^etd by 
means of the phlogifricated alkaly (D. 5.) certainly favours 
fuch a fuppofition; but, if it be fo, it is evident from experi- 
ments H. 1 . 2. that other means than thofe commonly em- 
ployed raufi be trfed to effeft its reduftlon. 

5thly, The precipitate made by the cauftic v^table alkaly 
D. 4. taking fome of the alkafy down urith it, and tbvls form- 
ing a fubfrance neither fciluble in waiter nor in adds, is a very 
curkms f^iaeriomenon. 

I afterwards varied the experiment by adding the terra pdnV 
deinofa Kme^ water (E.) to oanfttc vegetable and caidric foflH 
alkaly. In both Cafes this Inlbloble compound was tmnie> 
diately fortOed ; but not fd When mtifttc volatile alkaly was tried. 
This^ocnpdfitiotfi of an alkalp and an earth certainly deferves 
hoiore atfemrion than I am at pririmt Able to beftow upon it, 
6.thly, As it appears from; ^n^mehts £>. 1.2. 3. 4. rilAt 

* See pft&ce ta Hia Sclagr»jpbta RegtiiMinemUs^ 

R r a fixed 



,|oo T)n -Sd'i^iphtJti^m 

fixed both tijild aiidcauftk*i%aratedti>e terra poitdirc^ 

ffomsiawine aeid, I was ata to kno^w wh^Fro£ei3brB&iiOo 
MAtf, ik hk aikniimble table of fun pie elective aKraitioiia, 
placeditbe tetra poudei'ofa cauftijJa iuiaiediaitely tMtaJej: the vir 
triolic^ nitrous, and marioe aeide, and conrequentl)’ above tbe 
^iauftic alkalies, , I wa» interefted in the reality of tbe fads, 
becaul'e .1 liad fi? feldom ken realbiv to doubt the obfervatious of 


that very eiifelLeiit elieinift, and therefore nuade the following 
ea^periments. 

To different portions of terra pondert^ falita aad terca poi> 
detpla Bitrata I added, drop by drop, cauflic vegetable, cauftie 
foffil, and cauftic volatile alkalies. In every cafe the EARTH 
.■was thrown down* and. I have fo ofteiv sepeaited thefe ejcperi- 
inents to fatisfy myfolf and oijhers, that I ana perfuaded the 
terra pondcrofa caudipa ought. to be plaped , below' the alkalies, 
except in the colupin appropriated to the vitriolic acid ; and k 
may be fepata ted , even from, that acid, by- the vegetable fixed 
alkaly, if the alkaly be appUpd vif/cro,, tyill appear in the 
Jiextr fedion..,, . , - : . j . ' 

, ythly. The neceflity for tiling pure ^cids upon., many, occj^ 
ajud the difficulty of obtaining them pt^re, are fufficientJy 
obvious. The VITRIOLIC acid, as made in theJai^e way,,, it 
P^te enoiigh for. mpf): purpofes.. Ife is ?ipt to get co- 
loo^d.^y inflaimiuble ma^ter^ but this is feldom ap ;tnc<aii^er 
nieutjf ?,>a#d, when k, would ,^,fo,; it is. cafy to .driye it off by 
kpibng ll^ acid in a ploreoce cpmtnop fire. But 

there is a|i^eF 9^ tmpppty; ip jthis t.vffiich appears 
upon di|^bpg .b, water.; )foV, thcu.k becopu^f: mil^„ an! 

JL XIC 


Ahmt two*y«A« j 'jammed this powdery matter i 6oth that which was^ 
' i*. 1 Ji thaowtti 



./Tti«aci4 JPttay be freed froi^.this' powder either by difgtlia.* 
tkaiiitj -gl# v«ffcls, whicti.is a, tedious and dangerous procrfs^ 
or by the affufion of water; apd* after the powder has fubfided, 
a geude evaporation will drive olF raoft of the fuperfiuous 
water., 

Nitrous acid may be freed from vltrblic and marine acids,, 
by folution of filver in the acid of nitre, as is daily pradifed; 
hut the MARINE ACtD has not, to my knowledge, been puri- 
fied by any other method than the laborious one of re-diftilling 
it from common fait. Jt is generally mixed with vitriolic acid, 
and often in large proportion. There is no temptation, and 
fcarccly an opportunity, for it to be contaminated, by nitrous 
acid. From the vitriolic acul t^n it may be rearlily purified by 
the addition of terra ponderofa cauftica diflblwed in water, or 
by the terra ponderofa lalita. If the latter be ufe(J, a. fmall. 

thrown down by dilution wirii water, and alfo fonie which Hr. Briestley gave 
roe, being the refiduum of vitriolic acid ditiilicci to dryneia in a flint.giafs retort. 

ift, Repeked boiling in water, reduced 6§ graini to 2 grains. 

2 dly, This folution, by gentle ' evaporation, alfTorded 5 graint of cryilala, as 
hard and as taftelefs as felenite. 

3dly, To thefe cryftals, re-diflTolved in water, mild. fofiU alkaly was addedi and' 

a white powder precipitated. 

. 4thly,4Ch'i« powder, after expofiicc to a pretty flftrp beat, was thrown into 
water ; part of it diffolved, and. the water got the tafle and other properties of 


lime-water. 

5,thly, The kifoUtblc part (1.) fnffe red no change by boiling in nitrous acid ; 
one-half of it mixed with, btwax, and e^pofed to the' blow -pipe upon charcoal,, 
vitrified i the other half, mixed with bora* and charcoal-duft, likewifc vitrified. 

, CtweivsioKs. ,,It appears,, then, that the greater part of this fubftance was 
calx v'ltrioUta, or,feJeniti! 5 the remainder a vitrifiable wrth. 

' I had before found, that the ' terra pontfcitilfa vififoiaH, or heavy gypfinn, would 
diffohre m concenwaied vitKiollc acitlj trotidWaya fepapted in * pfowdeiy ftwm 
upon the affnfion of water i and now it appears, that calx vitiiolata, or felenite, 

*.cs the fame. 



1^ 

porcifiii Of 

vAient» we tnuftju^ how much fhe tN 9 i«a |>ftii4«n}rft falita 
(he wb<^ will require* qr elfe the whole of the «ci4 he 
Alerted with water. Whether we ufe the terra fwoderofa 4 if* 
Iblved ill water or in marine acid i in either cafe the acid of 
vicriol irnracdiatelf feizoa upon k, and fubfides with it in form 
of an infoluble powder. 

As there are rcafons for preferring the marine acid in fcveral 
of the nicer and more important enquiries of chemiftrp, this 
fca^ method of purifying it cannot but prove acceptable. 


the add mUft Srft h» tried In a 


ilatPi ifipom 


S E C T I O N II. 

Terra, pondcroia vjtriolata. BBaoMAK’s Sciagraphia, 
§§ 5®* ®9* 

Variety t Heavy GyplUm. Ponderous Spar; 

Maemor h^aUicum, Cronstbot Min. § j8. 2 . 

19. C. 

From KUpatridc-hilis near Glafgow. A fort, with finaller 
icfyUSdlit aruougftthe iron ore about Kedey in Shropfliae, In 
the ieitd mines at Al(bn>Moor. 

p More obvious Prepertm. 

'White ; nearly tranfparent, but has not the property of dou* 
ble rej&aftionf ^tCon^fed of laminae of rhomboidal ciyflals * d*~ 
crepitates in the &tt(. Specific gravity from 4^402 to 4,440* 


s X P £. 
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■ -t ' ' " ■ " ':f“ 

A. loo grains expolcd to a red heat f^r l)oui^ In a bkdb 
fcad crucible, loft five grains In weigfe«T buir is a fulphurebus 
fmell was perceptible^ I fijfpe^d that a* <feeompofitloa had 
taken pbice, and therefore expofod another poftfon to a ftmilar 
heat for the lame Ipace of time hi a ti^iacc<vpipe. This Irad’ 
no fmell of fulphur, nor was it <hfi|mi£hed in weight. 

2. It is barely fofibie under the blow-pi^;, butf^with borax> 
fluxes readily into a white opake glafs. 

B. 100 grains, ground in a mortar; and Walltol over ex- 
tremely fine by repeated additions o# water, were btfiled in the 
feme water ,.and, after fettling, the water was poured oC The 
powder,, when dried', had not fenfibly loft we^t. 

2. To feparate portions of the waftiing water, werb added 
mild vegetable and mild foflil alkah^ ; but withbut any appear- 
ance of precipitation. Nitre of miiikcury iftty {fight 

brownilh cloud, barely dHcemible;. did nitre of filvet an - ex- 
tremely flight bluHh appearance. ' 

3i The fame powder, boiled agsmi in waterj did not 
affoft the water at all; for it flood the teft of t^e of iilver 
without any change. . . , 

C Portions of the powder B. Store boiled in ’vitriolic, ni- 
trous, and muriatic adds, of the nfual ^ngrhi for feverssi: 
minutta.' The adds ^rc then fetu^ted’ ivith; vegetable fixed? 
alkaly, Init without any ippeaWtoCfe' of precipitatibn, bor llid 
the poi-tibbs of ^bwdtHoft any^site^^ ' ’ ’ 

2. But when! boi*^ in vitriblr^’i^d, until that add^beca%r 
very rmibh''cbnieefiti®yd'*"^ ^'eafly 'rcddwJt,' thb’wNoll bf 
diflolved; but,, feparated again upon the addition of 
" ' a ■ not 




not akarcd in its weigll^, was uot a^ted upon by acids Of t!ie 
^aljfti»ngth, aud fiad, tindfer the l^o^ipipe, the properties 
Dt0t|oned ^ A, 3» 

* |..^ik)me of tlic folution iu the concentrated vit^olic acid 

HRpHt left ex’pol'ed to the atmofphere, that tlie acid might flowlj 
Oittrad water. After fome days, beautiful cryftals appeared in 
the tbapes of .ftars, fafehe, aud other radiated forms. 

4. To another portico of this folution mild fixed vegetable 
alkaly was added ; bpt the precipitate appeared to be the mar- 
,mor metallicum unchang^. 

, I). One ouuoe ,pf th^ fOarmor metallicum in fine powder 
was 0uxed in a crucible w^h two ounces of fait of tartar, uii- 
tdl ran thin. This fubftance, boiled with water in a Flo- 
rence flafk, left; a refiduum of fix drams. 

' E'. This refiduum was thrown into water, and pure nitrous 
acid addfd, until there was no more effervefcence. The un- 
dipolved fNirt Meshed 52 |pains. 

Tins undifiblved , |pirt appeared to be the original fub- 
flance no ways changed : for i^ did not difiolve in nitrous or 
muprine acids, but did wholly diflolve in the greatly conccn- 
lra|^ nttd bqili^g yitrioUc acid, from, which it was again lepa> 
rated by the addition of water. (C. 2.) 

. G. ^hp-folution D. was Saturated with difiilled vinegar, and 
*h®a evaporated to drynefs, but with Icfs than a boiling heat. 
The fal diptfticus, thus formed, y^as walhed aw«f with alco- 
hoh Tl^.aemaimug fait weired 5 ^rams nearly. 

2. This fait had the appparan'pe amd jthe tafle of vitrlolated 
it j^|COfi|)itatedin thefire ; roa{|Qdwith cbarcoahduft, it 
formisd a he^ fulpjhuris; and with mufia cajearea gave a 
-precipitation of felcuite. 

'a. 5 


H. The 



m tke Terra Ponderofii, &c. ^05 

H. The fait, formed with the nitrous acid (E), fliot reaiKijr 
into beautiful permanent cryftals, of a rough bittcrifh tafte, 

a. Some of this fait was deflagrated with nitre and charcoal, 
and the alkaly afterwards walhed away. 

3. The refiduum, being the earth of the marmor metalli- 
cum, was very white, burnt to Ume, and again formed an iii- 
folUble compound with acid of vitriol. 

I. too grains of terra ponderofa aerata were difiTcdved in di- 
luted marine acid. Vitriolic acid was dropped into this folu- 
tiort, until no more precipitation enfuedi The precipitate, after 
very careful vvafhing and drying, was e*|)ofod to a red heat in 
a covered tobacco-pipe for half an hottf : When cool, it 
weighed 1 1 7 grains* 

2. 50 grains of terra ponderofa aerata in a lump were put 
into diluted vitriolic acid •, but the aftion of the acid upon it 
was hardly fenfible,- even whert tefadc hot. 

Marine acid Was then added, and aft^ fome time an effer- 
vefoence appeared. The terra ponderofa vki 4 olata,(thus formed, 
after proper wadhirig and drying, Was expefed to h fofi heat for 
an hour : it then weighed 58,4 grains. 

C Q. N C L'U 3 i o N s. 

I ft. It appears that the marmpr metallicum Is coffipofed of 
vitriolic acid and terra ponderofa, D. E. F. G. H. 

2dly, That this compound", thoiigh probably folubJe in wa- 
tcri has fo little folubility aS aftiioft to' efba'pe deteflion by the 
ihceft chemical fefts, B. f. 2. 3. 

^dly. That it is not foluble irt Acids of the ufual ftfength 'i 
but thAt k perfoiSJ^ and entirely diffolves in highly COifoc'ii- 
Von.LXXIV* S f trate(i 
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trated vitriolic acid, from which it again fepar^tes entire and 
unchanged upon the afFufion of water, C. 1.2. 

, 4thly, That it cannot be decompofed (via bumida) by mild, 
fixed aikaly, C. 4. 

5thly, That it may be decompofed (via ficca) by the vege- 
table fixed aikaly, D. E. G, H- 

6thly, That it may be decompofed by inflammable matter,, 
uniting to its acid, and forming fulphur ; but that it cannot be 
decompofed by heat alone, A. i . 

ythly. From experiments I. i. 2. it appears, that 100. partS: 
of this fubftance contain 

Vitriolic acid pure - 32,8 

Terra ponderofa pure 67,2 

100 

i. mmmmmmmrnmmmm 

For the 100 parts of terra ponderofa aerata made ufe of in the 
experiment L 1. would lofe during the folution 20,8 of fixed 
air (§ ift. A.) ; then, dednfting 0,6 for the marmor metalli-^ 
cupa, contained in the terra ponderofa aerata (§ ift. A. 1.2.), 
there remains 78,6 of pvir.e terra ponderofa.. This, when fa- 
turated with vitriolic acid, and made perfectly dry, weighed 
1, 1 7 ; confequently it had taken 38,4 of vitriolic acid. 

OBSERVATIONS. 

The apparent infolubility of terra pondprofe aerata in. the 
diluted vitriolic acid (I. 2.) can be accounted for by remarking, 
that the moment the furface of the Lump was adled upon by 
the acid, an infoluble coat of marmor metallicura was formed 
upon it, which effedually precluded any further operation of 
the acid. 


Frofeflor 
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Profeflbr Bergman, in order to oljtain the earth from the 
terra ponderbfa vltriolata, directs the latter to be roafted with 
fixed alkaly, and the dufl of charcoal ; but I have always done 
it by charcoal duft alone, though probably this method may 
require a greater degree of heat. 

It has been remarked, that terra ponderofa and calx of lead 
refemble each other in many refpefts ; and I muft add, that tiie 
vitriol of lead diflblves in the highly concentrated vitriolic acid 
much in the fame manner that the marmor metallicum does, 
and like this too feparates upon the affufion of water; but I 
never obferved it difpofed to cryftallize. 

The marmor metallicum may probably be ufeful in fome 
cafes where a powerful flux is wanted ; for I once mixed fome 
of it with the .black flux, and expofing it to a pretty fharp heat, 
it entirely ran through the crucible. May not, therefore, fome 
of the more common varieties of it be ufed advantageoufly as 
a flux to fome of the more refradory metallic ores i 

SECTION ni. 

Terra ponderofa Vitriolata. 

Variety ^ Calk or Cauk. 

Marmor Metallicum, Cronstedt Min. § 1 8. B ? 

Plentiful in the Mines in Derbyfhire. 

More obvious Properties'^ 

Of a white or reddilh colour; cryftallized in rhomboidal 
laminaBi but thefe very much intermixed and coufiifed. Lofes 

S f a little 



WiTHMitNo’s of^O^fwations 

Ihtie m iiotbsag of its weight by bring made rwh-hot. Sp«c 5 fie 
gravity 4»330. - 


EXPERIMENTS. 

A- Ground in a mortar, and wafhed over, the waflhing wa- 
ter, when decanted, gave no precipitation with mild vegetable 
alkaly j but w’ith nitre of lilver and nitre of mercury the 
ilighteft cloud imaginable, 

B. loo grains boiled in marine acid weighed, after proper 

tvaftiing and drying, 99,5. - 

C. The acid folution B let fall a Pruflian blue upon the ad- 
dition of a fugle drop of phlogifticated fixed alkaly ; and, 
when faturated with mild foflil alkaly, afforded an ochry-co- 
loured precipitate. 

D. This precipitate, colleited and waflled, weighed half a 
grain. It was roamed with tallow, and then was wholly at- 
trafted by a magnet. 

E. A quantity of the cauk, finely powdered, was mixed 
with charcoal-dpll, and roafted in a crucible at a white heat, 
for five hours, frelh charcoal-duft being occafionally added. It 
gave out a ftrong fmell of fulphur. 

F. To this roafted cauk nitrous acid was SKided, which dif- 

0 

fblved the greater part of it ; prodticing, during the folution, 
fome effefvefcence, and a ftrong fmell of hepat fulphuris. 

G. Some of this folution, after pjw^)er evaporation^ afforded 
beautiful cryftals, not deliquefeent, exactly refembling thofe 
obtained from the marpior metallicum, (§ II. H.). 

H. ITo other porfions of the folution F, were added fixed 
vegetable aind,fofiil a})^lies« and likewifo volr^tile nUtal7<* 

of which precipUa^d the earth ftom tl^e ^rid- 


I. This 



atfVAtf Term Ponderofa, gof 

I, This earth, after expofure to a white heat for one hour, 
became cauftic, and made lime-water, fimilar in poperties to 
to that mentioned at § Ift. E. 

K. Some of the part not aded upon by the nitrous acid F, 
diflblved entirely by boiling in highly concentrated vitriolic 
acid, and wholly feparated again by the affufion of water. More 
water was added, and the whole was boiled again ; but the fil- 
tered liquor gave no figns of precipitation upem the moll liberal 
addition of mild fixed vegetable alkaly. 

CONCLUSIONS. 

It appears, therefore, that loo parts of Derbyfliire eauk 
contain • f 

Marmor metallicum - 99,5 

Calciform iron - - ,5 

100 

And it is pobable, that the redder pieces contain a little more 
iron. 

SECTION IV. 

Tewa ponderofii vitriojata. 

Farietyf radiated Gank. 

Gypfum ciyftalliiatum capillare. Cronstedt Mua. 
§19.3. 

FfotniFeimely by, the Bog, near Minfterley, in Shropflure, 
fifteen oodles fami Safop, on the road to Mco^onaery- . 

Mart 
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More obvious Properties. 

Somewhat glofly like fatiu ; yellowiffe-white, opake ; com- 
pofed of fleuder Ipiculae fet clofc together, and pointing from a 
center. 

In fome pieces there are concentric circles of a femi-traufpa- 
rent horn like appearance. It is not veiy brittle; may be 
fhaved with a knife ; lofes little or nothing of its weight by 
being .made red-hot. Its fpecific gravity 4,000 ; but after 
foaking onernght in the water 4,200, or more. 

E X P E « J M E N T S. 

• 1 ^' ' * 

When treated in the fame mannfer that the Derbyfhire canfc 
•was, in the preceding fedtion j 100 parts of* it appeared to 
contain 

Marmor metallicum '97»7 

Cakiform iron - - 2,3 

100 

Sufpefting that the prefence of fo fraall a proportion of iron 
could hardly occafion the whole' of the apparent differences bfe- 
twixt the Shroplhire and Derby^ire cauks and the marmor 
metaUknm? and thinking it not improbable, that they might 
cont^ lead ; I mixed fome of them with charcoal-dull and 
borax, brlt 'Could not by means of the blow-pipe produce any me- 
tallic appearance, although vitriol of lead, treated in the fame 
manner, was readily. reduced. , * 

I then mixed fouf parts of cauk with one part of vitriol of 
lead ; the lead could ilill be reduced, though not lb readily as 
l)eforc. 


OEHEE Ai; 
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OENERAL OBSERVATIONS, 

The terra ponderofa feems to claim a place betwixt the earths 
and the metallic calces. Like, the former, it, cannot be made 
to afl’ume a metallic form but, like the latter, it may be pre- 
cipitated from au acid, by means of phlogifticated alkaly. In 
many of its properties it much rcfembles the calx of lead ; 
and in others, the common calcareous earth, but ftill feems 
fufficiently different from that to conflitute a new genus, as will 
appear from a little attention to the following circumftances. 

Terra ponderofa ^ Terra calcarea,. 

When diflblved in water, preci- Diffolved in water, does not 
pitates upon the addition of precipitate upon the addi- 
the fmallcft portion of vi- tion of vitriolic acid, 
triolic acid; 

Its gypfum, therefore, is in- Its gypfum, therefore, is fo- 
foluble. lublc. 

With the nitrous and marine With nitrous and marine acids 
acid, forms cryftals which forms falls fo deliquefeent 

do not deliquefee. that they cannot be kept in 

a cryftallized form. 

Deebmpofes vitriolic falls via Does not decompofe vitriolic 
humida. falts. 

It has been called terra ponderofa, or heavy eartli, upon 
account of the great fpcciftc gravity of Jts gypfum; its fpar 
is likewife heavy enough to countenance fuch an appellation ; 
but the earth itfelf does not appear to be a heavy fubftance,. 
and I imagine the great weight of its compounds with the 
Vitriolic and aerial acids is owing to the abfence of water, 

Birmingham, Noy. 178^. 
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XXIV. Obfervatiom cht Pafagt de Mcrcure far ie Dif^ du 
Soleit U 12 Novembre, X'^SZt/aites h i* Obfervatoire Royal de 
Paris, avec des reflexions fur un efl'et ^ai Je fait fsntir dans tet 
inemes Objerx^athns JemblaUe A celut dbune R^ra&ion dans 
r Jtmojphere de Mercure. Par Johann Wilhelm Waliot, 
Membre de VAcadimie Eleblorate de Sciences et Belles Lettres 
de Manheim, Sfc. Communicated by Jofeph Planta, Ef[> 
Sec, R. S, 


Read April 29, 17S4. 

1. T" ES paffages de Mercure fur le difque du foleil Ibuft d'au* 
J a tant plus intcreifans pour les aftronomes, ^quHls don« 
nent principalement le moyen dd determiner avec plus d’cxa^ti* 
tilde la poiitioa des nceuds de ibn orhite, et que la difficult^ de 
voir cette planete dans fes autres afpefls avec le ibleil en rend 
les obfervatlons plus precieufcs. 

a. Deux circonftances aHez difavantagcufes qui devalent ac- 
compagncr partlcuHeremeut Jb pallage dont il s*aglt ki, lavoir 
la proximit^ du foleil de rhorizon, et Mercure pafl'ant trop pres 
du bord de cet aftre, fembiaient par leur nature ofFrir trop d^iai- 
conveuiens pour en elperer des oblervations bien exades; 
cependant I’encouragement qu’a donnc le beau terns qu’il iit 
toute lajournee du 12 Novembre, nous ayant Fait apporter unc 
plus grande attentipn aux oblervatioas, nous autorile main-' 
tenant a en avoir une meilleure opinion. Je crois pouvoir 
affurer fans oftentation d'y avoir reuffi aflez pour ^tre fatisfait 
des miennes, et pour ofer les garantir autaut que la nature des 
2 chofea 



iaduk d*«vyf '^fitelsti 
U'jibHII 

CkMtifittlief jt fi»4ilffittitiie»ti jiat '<|u« jd dais^tA grande partil^ 
xm awtttatt^ ll M, DB Cdsftiy I <fair h 

itette^cjaUl^ j aic d i'Ob£sr4atofreRG}1ily totav^t(3niB ^rla 
k <«as ^tenipioyer ix‘' pkis tgiandi vigybfiti6*^iii* mdrlteH |>ar 
l%p£bicxAle de me« 0p6ratlmi» ta<Q6Afiaflce*q1^\)ti'me t^!Aadl|faak 
da»s tine occaikiv attffi importatife* « '’ 

■§. ,Nou 8 avcfne fait (M. t>B CAisfNt et- m^) toutea ks ’dbkif-^ 
vations n^ceifaires pour coo^tiit' avec h plus graiide 
r^at denotre pendule; et, en r^duifant mes obfervattons au 
terns vrai, je n'ai pas mSme n%Iig^ les dixkmes de feconde. 
Cette pr^cifkm (cropdkure paiaitra peut^&tre fuperftUe daA« de 
paretllcs obfemitionS) mais On ♦etra par la fuite de ce Meitkire 
les raikns <}Ui ta'y odt ditermin^. Void mes oblervations 
dans ie mSme ordre elles k ibnt CdtOSt et r^duites au terns 
vrai de la meridienne-4ie rObieriratoiiG Rou^al de Paris* 


Eatr^ 


Taws vrai, 

h. ' " 

2 56 28,8 Je foup^nne la planUe* 
a 58 28,8 J’cftime Mercure ettllij 

bon} du O • 

3 2 3.8 ContaA intfricur de I'entr^c. 

S 3 45 ill M^rcare abiidoment dftachd du defl. ' 

En mdfarant Ie diametit de Mercure fur le 


Contadext&^eor de Ptntr^ 
a dioitii. Cedtre ^de g far k 


difque du foleil je I’ai trouvij par deux fois 

exa^ement de la m^e quantite, favoir 

de 9 parties du micrometre objedif, <|tii 

valent 9^^535 de dcgr6s du grand cercle. 

( M J7 1 8*4 Contii^ intefjeur de h forde* 

I 4 ao 36,4 Le eentre de fa|7l<? bol»d dw foleil. 

^ 4 2a 53 i 4 extent ur dc la fprtie* Mtreurt totakmttit pfidu 

* itevtw* 


. ^ Une eaieetlentelitiictfe «thro?mit^ de !)oiit>trD d« 3 
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Le 


Ibldtl 4tait fi!imiil(]fint''<im'|il0^^ 
f][!9il|i«| tocale, re€«mb]wc aci^9»«cntiiiii«erpi 

furies vagues d’une eau lbrteflafltiC i^t&e« et qui tliulde> 
eutM^renieni:, kai^ etev^ par loi vagtfei fe moctffv m-- 
fg^ 'jA quelquelbis toii« entier* Cea ungues ou qiuldlatiooa 
al]b^( toujours dans le ts^m 6&s du Om& m Sud £ilu 
jLe^r isioavcineni icait a£^ laqu^te, et c’e&pti(^6ment la capi^ 
die ce mouvement qui m*a fiagxdtifemeut favorHe I'icdirerva*^ 
tiqn. 4d eontad ext^eur de la ibrtie de Mercufe* pasca^ je nft 
^»pe|!dalS' jamais de vue qu’aa milauC. 

, Je termiaerai le detail de met observations par aiarer, queje- 
xft’iw pas apper 9 u la moiodre iqi^paceuieB d*wae atoiofi^idee oun 
n^ulollt^ autour de Mercprc peodaal toute h durfe de iba» 
quoique la lunette oac repr^ent&c toua lea ollyeta* 
tr^ d^inflemeut. J’ar toujoara vu le dUquede Mercure bieat 
{]f^,;,et egalement bjeu termio^ dam toute'&'fiircmiiiereuce qui' 
me paraiiTak tcHjijuviis trancb^ nette^. Airtoutdatia te commeu* 
cement od kaoudulations ^aient mcnns foites julqpes vera le 
milieu du paifage. Mats cela ne m'empechera pas d!£cre ttsea 
pqi^d^ de I'exilleiioe d’une atmofphere autour de Mercure, 
cmnme ddtour de tons les corps celeftes, et qu’on peut fort bien 
ravoir iq>per 9 ue daits ce pafi^ fbus un ciel plus pur et plus 
bmu qper^lj^i de Paria^ , 


R^fulfati^ iki calcftl des obfervafions prhidenies felon, lews dif~ 
Jirentes cembmaifons, 

4. La metbode que ‘f at futvie pour r^dukc' lbs obfervationa , 
de ce pafif^ au Qoitre de la terre, m'eA en quelque fmte par- 
ticuliere mais cooune file u’eft pas entidtement nouvelle puif* 

i qtt’elle 


fee i h o fe t '(2tt*eii* .'ce '^^wt 

je'Faaim^i^to«a "^la remUQt aMblufBdit ^ke&e, je tne 
eMit«l 9 ai#ea do^et uh« iMe g6n6rale; Je tiSa employ^ dwi 
mes caleids qae ce c|ui eft detttte' dtiedsemontypatr ebfervation, 
ou btmides qUantitis ixhis exi6;emeAi* dottn^^ par les cable^y' 
telles que le diaoi^tit! dd {oieA, fdh moovecDeiit bbrkire et eelut 
de^^fercure. Maisce'q^ii (»ra£fcen{e e^Rnrtidlement cedbmd^ 
thode^ C’eft qa^en c6inbtiia$it ks i^fervattons toiijours ettftmbk 
deicr^ deux; on a ia^dutdb ou- lb terns d^dbe obiervstMm). 

a Tautre qui eft uoe des ^ptioeipal^ ddnueea du problbme; et' la 
plusjcxadle quV^ puii^ ft probukr pac obik^tlcHi. Or, qiiand 
I’obft^vatkn nous feairait dure£tement des dottodcE exa&es, je ne 
voU ablblutnent pas la n^ce^te d'en aller chercher de mmits 
exa&es pour ks faireieutrer dans le calcul. Ceft pourtant ce 
quc font quelques aftronomes modemcs*, qui, en recommen>‘ 
dant dans leur Traitb d’Aftranooaite de calculer les obfenratiens 
iepaidment afin, difeat-ils, de multiplier les refoltats et d*en 
dbduire plus exa£lemem par bn milieu la quantity qu'ooj 
cherdbe, font obliges pour cet eflfet de foppofor i"'p^t pres 
connu le mUieu du pafti^ et la |du8 comte dilbait^ des o^> 
trrafv Ce raifonnement, atbSl dld^b des ptiac^es dela gfo* 
metric, que des reg^ de ramdjKb* nte pannt bobore illufoire. 
quant «i TesaAitade qu*oa efpdse iablentr de la u^kiplicik des 
ibftiitiks ainii deternu^ i tc^i pD«ifi|liai. . ^ 

5. Je fujpofo pour ua isiftant q<i*0R pienae au haxand defoi 
obfervatibni, et qu^on lea eahfole %iatlmeiit chadbn fuiliriKqfXMi 
pffic^e ; d eft cert»a qbt ft 1 Vmi oe ft^^poft pai k mslink. d«< 
pttffi^ et la plus odnrte (ftftance Jes cantpes tela que 

■ffarni fin 4 'Ai^taiMniej| 

■ ■/ ■; . .‘i;. <5 I.» 

t 2 r; aeraient 


^ Frio^entft 
1771, lim XI. art. aita* . ' 

' I HM. art. ao^a ^ io^ii " ' ' 

T 


Am. 

fNWMm Qv 



fiaMM,' et qui difiirerfant |»ltt#‘K{<iiit4tr fiapfoMni 

;ifaitB‘f<mifl%s$ 4}tNgnwo8e 1« iis^rftafa^f Ob p«eiid 
4ia^fMtors'uB iniiieu emre les dtsinc tft’imagiae 

joMt ttomis h t^rke ; mats U mt fecn^e quHl «ft jiermu 
iWi dt)ueer« car, outre qu'H y d bi«i des c»s oit l'bn aie iteol'jpuft 
regacder la r^fultat nu^a ocnurae le viritable^' lci: ct a*e& ptB 
m&moadmlflible, puiique le ctiSIeu'da pai&ge et ia plus oourte 
d^btncetdes coitces ibnt deux' quaonis^s qoi depdndeot i*«aae de 
I'antre, et qu’ii tmpoffihle de les fappofer tddes pn6ct&aaeBt 
qu^dles & ccMivisnflffiQt leladveosent il <deitx Ob&nratnms diter* 
mini^, & moins «^e ce ne fok un elBet du hazard. Or le 
fxppofe maintenant’qu’on preime les deux mdnics ol^emrai^ 
tioQs, et c|<Q*on les combine en&mble, tl eft<clair qu'on ae trait* 
uera qu’utt ieul'r^iultat pour H quantity cherohi&e, shots oe iera 
piddftbnent la tnime qu*on xundfe eat par un milieu raicire les 
cku^^refuitats trout^es ibivant Pautrx ihaniere fil’oa y avaic £uc 
xme'fiqtpontiatsqm s’ScattIt pbu de ccUe qu’ii eoovenartde&tre. 
ll.s*oa ibit dotic qufon ferak; a>trivi6 au m|iiae bat par bs deux 
nw^odesy^ ihSnsuHiec dette.did^irktce .qtteulfis quantitls dlmr- 
jisiiaMd*afMd«4a^tBikbodh des bumliliiaircaQS ibnt dans tons ies 
(Kddeivid^ikMnds'lelBc qde lefrdpbne’vdftiaibldment robfecva* 
tion, tandi^ue d’apres >ce<<ti« Ibiifi qus'des re&kats 

i H ive^iphts, loag, 
j^oeqfie'xtorsJoiiwin^ 

Ixr^ dmt<x»mftiriai|^)ii^H{^ ddbx;, 

quckimiutdikffitJb 4bs»'«dlliUeeff qoi co^ pnjtvMafeiiK*! 


dkcr- 


Je trouver des rdiultats inexadS) et que WW aftceiia|- 

srt'it - y 3 T * thode 



iati& emirir ee 

4 dliJaootileikbk i|tie celie'd eft pft^f^rable 4 I'&utiid 
lida«f()ifdn oe pent sivoir^iiloeMlQs e^fervatiosts il^]^, il fatM; 
imn akura ie i^oudre 4 > iB$:;caldtiler ieparemeat, mais encore 
attcc is reft 6 ftk>u <qae ies )|uiaitit^ qnW Inppoib'a comntea 
fineiittdaiin^es. pai: d'^me^ eit&rvtttimtr qmitaat dans le cas 
d’&re ocMubin^es . deux <A deuf^ i^iknt elleiida&aies tr^ exil^tes. 
11 eft.ifonc aik^ ik ocMMBlure dwtukit oe qne je vkm de dire que 
k JUiuanke de cakcider fefnrkneirt di^ue xdsfervatid^ non 
ieukitient ne j^<oaiicie pk les avautages ^''on ,ea attend pnur la 
mokiplidte des re&kata^ roais elle eft euciltiie fniMua exafte que 
ceile de combiner deux k deux les obfervations; amft que Ten- 
idgoeiit lea plus (klebrce aftFUnomes. Je ne me fuis permis 
d’etftrer dana ois ddadsi que pour ptouver a la Soci 6 t 6 Royale 
quejoae me krs jamais avec cottdance d*aucui>e mdthode fans 
ravda’caamm^etaiipadurant en k creanf|» pour aiuft dire, une 
kcmde fois. 'i-' ; 

.6»:J*ai calculi le lieu do ibleil et de Mercure par lea tables de 
Hallb^ pour zi h; et 4i'h. efpadi de terns qm com- 

prend it peu pres par fou milieu Coute la dur^ du paffage, et 
j’ai trouv6. 



Ia longitude du fokil de 

Sen afcesiiton droite 

Sa d^ltnaiCbn • - auilrale 
l^loogit* g^ocentrtquede Mercuit 
Sa latitude • ^ • bor^ale 

i2h3o'temavTai 

1 5 h. 30' t* y. 

.\ 4 h. 30' t, V. 

g » / « 

7 20 22 43,6 

7 >7 SS SS .3 
*7 S‘ 49 >«> 

7 20 32 2,9 

o 14 3 hO 

5. h. ' " 

7 20 2 S 14.8 
7 17 58 28,4 
17 sa 29,9 
7 20 28 40,8 
0 15 22,6 

4 - 0 / // 

7 20 27 45.9 

7 18 I i,S 
»7 S 3 

7 20 2< 18,4 
0 i6 13,8 

Ce <}ui me docme 

cntie2ih.et3|b 

entrc3|h.€t4jb 

•4 

momrenn boraire lelarif Meirc. fur rici!ptt<)ue de 
LHuclinaifon de Potbite lelatlirc fur t*kitptique de 
boraire fdatif de Merc*, dans fouorbite 

1 

! 0 / // 

S 33 > 3 

8 18 33, h 

S i 7.05 « 

0 i ff 

» 4 ii; 1 

S S 7.19 



CuU fMvi de iUndtaiucfiMBb, jaellydatteBt haxdiki 
qut lieu eutre ai h. et 5} U« d»m Ifroitoold^ ddervattatti 
du^mmnc^ment, et rittcUslulMi ui^'k im»ivement hcmim 
lieu entre 3l,h. et 4.1 h. in% fervi |imir la fin du pafi» 
'Quant aux autees dlemms, j’ai employe In diam^re du 
'» de ’Mexcme de 9'', 535 commc je 
I’ai nodfure fur le dilque dn fidnU^cildaitt le palfitge^ et la pa> 
rallaxe horizQntale du iolcU djosa &s moynnhes diibncei de 
S' i7 telk que je I’ai 6tablie danS’ijaaon Alenmoire fur la pofiage 
de Venus en 1769. D’ou j*ai eondu la difflkence des pnal<4 
laxcs borizoatales du foleii et de Mercure pour le jour du paf* 
fagc I a Novembre de 4",o88. 

7. Avec ces elements j*ai calculd les otdervations des 'Oon*> 
tada eu ne negligeant paa ^eoie les milUdm^ de leccHide dans 
certains cas je n’ai mis cette icrupuleufe exaditude dans tons 
mes calculs que parceqtas je voulais m’afiurer. dans Jte cas oik je 
viendrais a trouver des dif^rences entre les refultats de mdme 
denomination que je n’euiife k les attribuer uniquement qu*aux 
obfervations. La table fuivante renf^nne les refultats les plus 
importans de ces calouls. 


Ta^ 




ptUimWALM 


$’9 


lifukaibt d» caloit iet oUemtiont des contact et- 
du centre <ie ISejrcuie. 




ISiBBi 


Hcure vrai« 4 e PnUemtioii | 

Durte dof|filtlife^m«Rt par i'ebC 
Pluf coufte ^fiaaoc dea centres vue ) 
h la furfaoe da ia' terre j 

h. ' " 

3 t 3.8 

4 n 4 

I IS I 4 » 6 

ij 4 L a 

h, ' " 

2 j6 28. 8 

4 aa S 3 . 4 

1 i6 24. 6 

<S 43 . S 

k ' 

2 58 28.8 

4 20 36,4 

1 22 7|6 

IS 4 hO 

Heurevraie du miltett du palTage 1 
pour le ceQtve de la terfe t 

3 39 47, 4 

3 39 47 . I 

,1, , 1 iTr., 

3 39 38.7 

Plus couite diftaoce dcs ceptresl 

»S 45 . 1 

IS 46. 4 

IS 44.9 

vue du centre de la terre J 

Reduction de KoMbfratton f entree 

+ a S 9 . 4 S 

+ 3 34,, ^8 

+ 2 42,9 

au centre dt la terre 1 forric 

- a 46,70 

^ 2 22,27 

- a 30,7 

Heure vr# dc PiddervatiOQ f cntrjc 

3 5 3.2s 

a 59 3 »>« 

3 I * 1.7 

arrive pour le centre $ 1 fortic 

4 *4 3 L 70 

4 ao 31, Ij 

4 i8 5,7 

Durce du palfage pour le centre | 
dc la terre j 

I $ a 8 , 4 S 

1 ai 28,02 

I 16 54,0 

Heure vraic dc la conjon^tion de 1 


4 a 54 . 8 

4 a 44,1 

Mercure ct du foleil J 

4 * S 3 . » 

Latitude dc cn coojotultioa don- 1 
n^e par cMervation J 

S. ° ' " 

50 . ,/ 

^ 0 ^ 

*5 SS.i 

>5 36,4 

IS 54.8 ! 

Longitude du folcil ou de Mcr - 1 

7 20 26 37,2' 

cure cn conjon^tion / 

7 20 26 37,6 

7 20 26 37,7 

Longitude de Mcrcure cn coiijouc-l 




tton domi^ par les tables eu ^ 

7 20 27 8,4 

7 20 27 8,3 

7 20 27 8,9. 

^gard i Paberration J 

Latitude de {f en d donnee par les 1 

tablet • • • boteale j 

»S 50.7 

15 50.7 


EiTcurdeitaWes j *» }»»«*'«■«« 

“ 30.8 

-30,6 

' -31,7. 

i en latitude 

+ 4.4 

+ 5.7 1 

+ 4,4 


En adoptant la latitude dc f au moment dc la d donnee par Ics conta^U imcricurs dc i 5 i 
jc trouve Ic f S* ® " o / ^ 

lieu du^ « I 15 45 22,8 en iuppofant I’lndinaifon de I’dibite 7 o oavec M.Cassini.! 
de 5f a 1 1 15 44 55»7 en fuppoftnt PmcVmaUbn de Torbitc 6 59 aoavec Halm y, 

ST^Il’ou 


3 












8. JJon voit par cet^e table que le» oitimM tHt^rteuw ii(Mliii> 
nciv^r^utc du mUieu dq | 

la m8me que les conta< 9 :s cxterii^r|^ j l*heuru, m la conjon<&fi 
i i'^,6 pres la m^mc*, et la plus courte diftence des centres 
aiiiljqwe la latitude de Metedrc en copjqndiotj plus pe- 

titi* truant aux deux oblervatidnS du dentre dc Mercure fur lep 
bprds du foleil, ellesdonnent le milieu du paflage de B'',y plu- 
tdt^ que les contacfls iuterietirs, bt la plus courte diftance des 
centfes ainfi que la latitude de Meiture en conjoinftion d» 3 
dixiemes de fecoude leulement plus petite. Cette di 0 ^nce 
dans Theure du milieu du paflage ne pcut venir que de k ma- 
nicre dont j’ai eftime le centre de Mercure ; car il y a d’abord 
feceade pour feconde le m^me intervalle de terns entre les deux 
coota^ls dc I’entree qu’entre ceux de la ibrtle, c’eft i dire Tun et 
I’autre de 5' 35''. Enfuite je trouve qu’il s’ctait bcoulb 2' o" 
depuis le contaft exterieur de I'entree jufqu’au moment oil j’ai 
eftime le centre de Mercure fur le bord du foleil, au lieu de 
3' 1 7'' qu’il y a entre les pareillcs obfervations de la fortie ; mais 
cct intervalle de terns devant btre le m^e pour I’entree et poUr 
k fortie, la difference 1 7'' fait voir que j’ai eftimb le centre dc 
Sikreure plus pres du contadt exterieur k I’entree qu’^ la fortie, 
^ qui devait aufli avancer I’inftant du milieu du paflage ; or la 
mokie de ces 1 7" fait prbcilbment les 8' i dont le milieu du 
pad^ eft arrive plutdt felon cette obfervation que felon ceilfif 
descontafts iatericurs(puifque I’erreur de Tune des deux obferva* 
tions n’eft que la moitie fur le milieu du paflage). J’ai done 
marque I’inftant dc I’obfervatian du centre a I’entrbe plutdt qu’il 

• dc la dif^rc de i *\6 <|uoTqiic cchii du milieu du pafTagC 

ne difFfcre que dc 0",j3 paroeque la portion dc I’orbitc retacive comprife entit Ic 
ftnlini t u p^ilftge et la cil flm frande pour une plus grande dii^nee 

des centre-. 


Be 



^ 'Kf. WjtttJsi'*' pt 

lyhtti «t^ jc |tek:hera toajours ii croire flatfit que 
Celle dte r«atrfes que doit totnber i’erretir, parceqUe A'a^aot |)as? 
enC(>re vrf Merctire fur le dtfquc d'o foleil, je ne podvais pas’ 
j’bger de fa grandeur aufli bicii qu*a la fin apr^» I’aVoir pen-’ 
dant tout© la dur^e de Ion paffage. fc’eft aufli eti pairtie par" 
certe meme raifon, jolnte d celle qu’oA uc pent pas eflamcr avec 
quelque precifion le centre d'uti corps qu’on ne voit pas cn- 
tUrement, que je puis avoir obfervc le centre de Mercti/e fur le 
■boM du foleil trop t6t d I’entree, ct trop tard d la lottfe rela- 
tivement aux obfervations des contafts. Certe difcuflion, en 
apparence d’aillcurs peu importante, devient ici d*une grande 
nScefllte, parcequ’ll s’j^it de raontrer les dcfeuts de deux ob- 
lervations que je ne rcjctte qu’avec beaucoup de regrets ; car 
Tobfervation dl* centre de la planetc fur le bord du foleti n’£tant 
pas affeA^e de l*effet de plufieurs elemens (le diametre de la 
planete et I’effet d’une atmolphdre qui I’envelopperait) que nous 
connailSbns fouvent mal, ou que nous ignorons abfolument, 
offrirait des av3nt;^e8 riels, fi elle pouvait fe foire avec une 
certaine preciflon. 

9. Quqique les rifultats de mes calculs s’accordent affez pour 
infpirer quelque conflance, je n’ai cependant pas eti trop fjtif- 
fait de trouver la plus courte dilbnee des centres de i",3 plus 
grande par les contafh exterieurs que par les contacts interieurs. 
Cette diffirence annonce une erreur dans les durees. Ou la 
durie du paflfage entre les deux coutails extirieurs eft trop pe- 
tite^ ou celle des contads iniirieurs eft trop grande. Mais je 
lire ftiis inapole la loi de ne janaais faire aucune correftion k 
mes obfervations lorfque je ne les ai accompagnees d’aucune 
jmarque qui me feftc douter de leur bonte ; je ne trouve done 
aucune raiiba qui m*autori{e k changer la duree des contaSa 
interieurs, ct quatid je voudrais m’cearter ici un moment de mes 
VoL. LXXIV, y g prl^- 



MUh 

|»rt^{M».|f^vu:;; a»gjnaeQter h 4ur^ j«' 

Ic pfMf^iiire qu’en conMLtsttlati, 4 it 

eftitnw le cootad exterkur ile trap tardt 

M !» fortie trap t4l> ee ijui d% t!pujo!iir»|CQbable ; maU 

Je pelupQurrals augroejiter que toot au pluaik 5 4 6 fccondea 
puifqu’on a vu dans raitiolc pc^c^dcnt qu’il a que 
d’ajcertimdc far I’eftime d« deux ohfervatipns du fcentrc de 
lleircure for ks bonds du foleil qui comparativenicnt entre cUes- 
xctimet fe font bcaucoup moins exaftcment. Or ces 5 cm)e ,6 
focopdes d’ augmentation fur la dur6e exterieure »e fuffifeut pas 
4b9au<?oup pres (car il en faudrait 106'') pour rcduirc 4 ^ro la 
dljforeuce qui fe trouve entre Ics deux valcurs dc la plus courte 
dillance des centres. 11 faut done chercher ailleurs que dans 
obfervations la caufe de cette difference. C’eftceque je 
Qr^is pouvoir trouver dans I’efkt d’une atmofphere fuppol^ au» 
tqpr de Mercure, on d’uue caufe femblable. 

fo, D’apres les recherches que j’ai faites fur I’atoofphere de 
l^equs a I’occafion de fonpaffageen 1769, et dont j’ai etabHet 
ddmontre les princlpes dans un petit Traitd complet fuf les paf- 
de. Venus et de Mercure, j’^tais prdvenu que la circon- 
qaradleriftique de ce pall&ge dc Mercure qui 6tait fi defa- 
4 regard de rutUlt6 qu’bn cn retire.pour perfedion- 
ner ief tebles* devaitdtre extremement favorab]e 41 a ddermi- 
nati^ de d’uue atmofphere qui environnerait Mercure,^ 
puilqoe la plati^te pafTaut fort pr^ du bord, da foleil, foil 
mouvement fe ^ifait tres obliquement 4 ce bprd,, et agrandiflait; 
bequeoup fi^Set d’une atmofphere. E» confoquence je me fuis 
fingulierement appliqu6 4 obferver ce paflage et pnncipalemcnt 
les quatre contads avec la plus grande attention* afiu de 
procurer des obfoavatione fufiifamment exa^es pour ^ pouvoir 
ni’cn fervir avec avant^d d^erminer i’effet de cette atiao* 

fpb 4 fe> 




.0«4>liB«Ni»4 >de ’ |e 

mmtemeX'qmt-im ti(Kikmd6TBcm de qaeti)iK itta^ilii 

<|ue je lerctxnbine, en fuppo£int Tobfervation et le dkoi^c de 
Mensare ehiplo;^ daas laetciiirabTigQuitiii&tiaeate^^ rn’in*^ 
diqoent 4« (ui^nce d!no .^eSet fembkbk ^ ctim d;ane rebid^ott 
tm itiiexksi.qiiie ietiffilraienttlos n^ns iblaines^daflrs leur paflage 
auprra da gldbe>dBMBrcure. Voidi comossat. 

I I. J’ai ddoaontM daita le petit Tfaite que je viea» de citet? 
que la combinairon des deux ohfecvaticrosdes cental extoieura 
doit doiiner ie mSme ioftant poor celui du tnilkiu do pafTago 
que la oonaHnaifoo doi deux couta^ls iaterieurs, et que cet in> 
Ibnt du milieu du pallage d^uit de I'uoe et de Fautre combi* 
luiibu reflera toujours ablblument le meme, qu’ou fuppofe la 
plauete entouree dSioe atmofpbere ou non. 11 eft (Evident qu’a 
plus forte raifon le milieu du paiTage diduit de la comblnaiiba 
des deux obfervations du centre de la plan^te fur la bord du 
foleil ne fera point alters par Fef^t d’une atmofph^e, puif* 
qu’elle n*influe pas m£me fur chacune de ces deux obfervations 
ieparemetit. Enfuke j’lU'eacore &it v6a que dans la fuppoii* 
tion d’une attnofphi^re autour de la planite qui pafTe fur le 
difque du foieU, le milieu 4^ pallage d^it de la combinaifou 
4e I'oblervatimi du contaiift uxterienr de Foitnie avec celle du 


ctMUadl inaSrieur de la ^rtie, doit arriver plus tard ; et le mii 
tieu du paftage donn^par JacondHttai&oi du contaflint^&rieur dd 
Fentide avec le contad exeerieur de klottk, doit arrivcr 
ci&metoM: de la ^neSme quan^c^ plutdt que le milieu du pSlFdge 
ooncln par iafCombittaii^ dfcs dcu* contqds interieurs, ,iO« par 
celle des deux dmlaSs extemutsi oUt' ce qui revient es^dore at| 
mkne, qfoe le nuBeu du palige que dbnnerakut iacKltioi^i#* 
ment toatee< lea ob&ryationades contafbi ra>rnl»oies>conw)(ie <tm 
uoudrai^ & kr^kt|dtt».iikiKa}t pmdcd'atak^:^^ 
ii j U u a ou 




It ie 'inilieti • 4^' itvouv^ plut 

ou^l<t0^,"i&ra I'eiTet deratmo^laeretieJ^p&ui^ furie «iiiieti 



lii JEn confequenee dc ccs prindpes j*d d«wic fait enciwe 


.fc ^a^ hinaifons pour en d^tiire ie milieu du paHage; et 
(}ue la combinaifon dutronta^ exi%rieur de Tentr^e aveo 
kcontad interieur de la fortic d«jne cct inftant a ^h. 40' j 
eellc du coiitaft interieur de I’entrec avec le ctpotadk ext^ieur de 


la fisatie le donne a 3 h. 39' 2o",8. Or on a vu (art. 7.) que le 
milieu du padage, felon la combinailbn dcs deux contads ia** 


tericMrs et celle dea deux contads exterieurs eft arrive k 


3.I1. 39' 47",a, quantite qui fe trouve cntre les deux prec^ntcs 
et exademeiit d egales diftances de i’uttect de I’autre, favoir de 
II eft done evident que I’effet de I’atmofphere de Mer- 
cufe dans cc paflage-ci a etc 26^^»4 de terns lur le milieu du 
paftage, en faifaat abftradiou de toute autre caule qui peut avoir 
quelque influence I'ur les obfervations des contads. 

13. Mais ces 26^,4 ne peuvent provenir que de trois caulcs : ou 
de f inexaditude des obfervations, ou d’une erreur fur lesdiametres 
du loleil et de Mercure Employes dans les calculs, ou de la refract 
tiori des rayons folaires dans Tatmolphere de Mercure ; ainfl que 
je t^fdimontte dans moti petit Trait^ fur les PalTi^s de Venus et 
deM«rcttee, et ofl jVrive,aprds un examen rigoureux de toutes les 
hji^pudilies poftltdes, a cette djuation g^nirale Aszet± 0 ±y-irti 
dans laquelle A eft la quantity ddtermiu^ par les combinaifbns 
des x^i^rvaritms, oomme ici les 26'^4, et par ccmftquent con- 
nue; «, 0 i yi §, h part qui en appartient refpedtvement i 
ratmofphdre ^de la plan^e, 4 Terreur de ion diamdtre, d cdle 
du fbl^ et ii Peneuir de Tt^fervatum. Je fe»i retnarquer ftule* 
meut a« %et de cettr flsrmule qu’il n*y a que Tenreur fur le 
diun^ de la plmdti dent I'eiee 0 pourrait qiKdqutlbis entier 

dans 



r^$ k Takw : 4 q A mmtm u%advti« lidalai abirs«ri|ik 

al^jOfMKwn 4 *actrihui^ cet <|ttidl ici de 26^4^' id 
■i’atino^hdEe 4 e la plan^te, eUe la favoril^ait piutdt. Quant 
A IVrattr ini' le dianktre dia'iblieUt ion inflneoop pent £i|;re te- 
giurd^ conune nuile dan» tons les cas» c*eil d dire y pent ton* 
jours dtre regarde comnoe z£ro, d mobs x|ae I’erreur fur le dl»* 
m^tre du ibleil ne fcnt tr^s confiderable:, et c'eil nu des avan* 
tages de ma m^hode pour determiner k valeur de A. Or la 
probability lerait enfaveurdea tbfervatlons, puifiju’dles idon- 
^etit, ce qul eft con forme a la thebrie* le moine intervaHe de 
terns eiitre les deux contadls de I’entree qu’entre les deux cea* 
ta^s de la fortle, alnil Ton aurait Icl t;=o. 'Qiiant aux deux 
autres cauics, 11 n’en eftpasdememe, puifqu’il.eft evident par 
Ja formule gyndrale qu’une meme quandte confidence conime 
erreur fur les diametres, ou comme refradlloQ des rayons (olaires 
dans racmofpbere de Mercure, eft capable de produire exader 
ment le meme eftet. Mais comme 11 eft tids probable qne les 
trols caufes A la fols peuvent avmr concouru k produire ces 
26'\4=:A« et qu’il eft abfolument knpoffible, d’apids ma me- 
thode comme d’apres toute autre, de ddmdler les efFets pour 
afilgner A chaque caUfe la part qui lui appartieut dans la valeur 
de A, le probkme reftera indetermbl: a cet egard, parconfe> 
quent fi Ton ne veut admettre qu’uiie Icule auiCe, on ftra librc 
de fe decider pour Tune ou pour Tautre ; or la queftiou n’etant 
pins alors qu’une a^re d’opbion, le cJbolx, doit tomber necef- 
iairement fiir la caule qui eft la moiiis counue, et dont nous ne 
pouvons pas raiibnoablemeot cootefter I’exiftence. On peat done 
fort bicn attribuer cet effet k ratmq^dre de Mercure Ians 
erabdre de fe tromper beaucoup. 11 f’en foit done qu’qn re^ 
gardant ces z6",4 fimplemeut pooame ;e£fet de I’atmoip^nB do 
Sdercure, la quafitfty, qui en rdfultbrait pour riuflexbn . 00 la 

' ti&wdSm 



4e ■eefh <411 v ii n iiro 

'xfjil9^'‘^pK<i'<3e linoice <)tt*dld4ie >jgi|W|)aiiN^ on ia'inbiiw 

JCyii^reinaAtt puii^e Itnfiexiba iles 4 4y4> 

^li^j|>ne peut Valeria romiw 4u traia 'tik^ 4ont «lk fak 
•fttPtk, qa? dans rhfpothek partkidkiv dm-dauK «ittr«$ %i4||B 
^'ikho.- manure d’envifager te proliknM tiw dMadtn^ d 
-uioias nnd Godnaiilauce apprach^s dclavalenr dek-fefdi£tioQ‘de 
^atfaofph^re d« Mercure, dnat j« n’aurais fans celte redberchis 
■^yblument^aucune i(ke. Op U me femMe quUl ^ut mteui; 
JBcqikrir une conaai^aoe imparfaite qoe de relkr dans l^gn#* 
*fa»ce'abklue. 

. ‘ 14. La quantite de cet effet, qoel qu’U fok, 4cant done con^ 
uqe,^ j'ai cherche k coiaciHer ies deux valeurs de la plus course 
aiiAance des centres trauvees par les conta<5l8 interieurs et ex^ 
eddebrs, et pour cet efict je me Inis propolS cc probkme qui doit 
■dbt iuivre naturellement, puilque la valeur de y pent toujours 
r^rd^e comme zero : DHtt>mkur U dimetre dttjolei/t ceitd 
■eii> Mercure emm par ekfer’tiMkity tel fue kidurk tknnie fa*" 
diu'icemta&s fukrieurs et [ la dark des coaaa&t intiriaurs fajfaat 
tmaper^ ^imett tautre^ la mSm qumhi ptmt vaieur de lafUti 
voakte diflatue des centreu Ce probkme dtaat relbluen iiom- 
fitoit a, |a.dcini>duree entre'ks contads exterieurs» b celle dea 
ttatittSta iiit^iieura, I Id diatne^re de Mwcure, x la diSefent^ 
tlexi<{emi«^Ain^tre6 de Mercufie e|; du {bleat, y la plus cowjte 


' ‘ ’ i ■* ' 

difboioe des cbtttres chetbh'^b,'‘je trouve * = — ^sp- et f - 


evaludes aptisavaktJofi* 

venabkment <^ri^ des »;6/'4 chaque obfervatidn des' quatre 
contains/ et advents la durcfc des contads extiricurs de ces 
h'' dbiit j^al ^»ncnt xs;p67",04 vd^r|>^ 





«t jrs |i|u* graadie de 19",* .^ae,9dk,i^ ite. 

donn^ li wmUoatfon de» i^x 09ttt;aiSts t;i|^]{^urs; tout. ! 
les t^ttltal^ trosy^s par cette combmaifon a'^mroot.beibmd’i^u- 
cune Qwre^tion, et je lea ad^tcrai> comm^^a^ les meUleursy 
tcb qa^iU font rapport^s dans Ja table cl-defiua art. j. , , , , 

15. £n fappc^nt done lea a6'^4 fc^nt ptxxlaites . 
ratmprphere de Mercttre, ,Je jtrouve ©"276 pour, la refra^ 3 apn:, 
horizontile dp cette atnaolphcre. Lcs pblibvations da 

de Venus «n 1 769, m’ayant aimonee un.effet femUable d’enviroa 
8''' a 9" de teins, je trouve fa refradlion horizontale d’envlrort; 
0^205 qui n’eft qu’k peu pres les deux tiers de cellc de Mercure. 

CONCLUSION. 

16. Quelque peu deconfiance q'ue j*attache ^ ces refultats, et 

quelque foit I’opinion que j’adopte pour choifir entre les caufes 
qui peuvent produire I’effet .ent,^a«jption, , je crois du moinspou- 
voir conclure avec certutidi^ je xja’^is principalement 
propof^ de prouveft dazi$ 9* {idetbeire, qoe lex .c^rvations dont 
il s’agit ici, malg^ {e'’di|gy€ ^W|^tiidel^0^ pbille leur fup- 
pofer, indiquent rExfti f^t femblable it 

celui d’une atmofaiiiti^(|ui^X^i<djin[Ki^^ et que cet 

effet, foit qu’il provltnuil ou 

d’une erreur lur Ic d»am^r^^'j^|jfelSltc, ou d’une erreur dans 
les obfervatHMis, ou qu*il fcl^^^^ll^ltat dera£lion fimultanee 
des truMS caufes r^uuies, il fe lait fentir evidemment dans toutes- 
les obfervatlons des paHag^ de Venus et de Mercure, du tnolns 
dans toutes celles que j'ai calculies. Par conftquent I’influence 
de ces caufes qui alt^renit les obfervations d’une maniere fi fen- 
fible me parait, fous tons les pedntt de vue, mertter Tattenttoa 
des aftronomes ; et je fuii tr^ peifuad^ que faute d’y avosr eu 



I'SS ^e. 

^m’paraiM <^8 4e Tdliit 

|iOii^^'<3^1re la paraillaxe du folei), 1)^1%'’ jiftrotK^ 
rsiis^t dans le cas dfe recmtunencor leur >Ca!<lMiH> ^^H^reuifeiifijbnt 
|0 pas ce reproche iL hie hdre ; car jV codflammeiit dvu^ 
awndlc plus grand fom Teffet d’unc atmdfphdre antnnr de Venus 
eti choillllaat ies obiervations pour eti faire la «»nparaifon de 
ndaniSre quc Tcfiet de cette atmoffdt^re, quH wt eiaft6 on noii, 
& erouvait toujours reduit Ik z 6 to, CTeft ainii que dans mon 
Memoire fur le paflage de Venus cn 1 769 j’ai fix6 i 8", 7 la pa- 
rSllaxe horizontale du folcil dans fes moyenncs dlftances a la 
tcrre. 
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XXV. ^im^bts mUbe con^itueat J^arts ig/* Water and of I)e~ 
pbiogl/licated Air ; ^b aa Account Jcate Experit^ntt on 
that Subje^, In a Letter from Mf. Jiffies Watt, Emgk^er^ 
to Mr, F. R» S. . , . p. , 

, ‘ '.M •■< 

Read April *9, 1784., , ., v i .{ 

, * fcl ^ } 

D E A R S I R, . . , Birmingham, 

* ^ KoVembfer i6, 

I N compliance with your defire, I fend you an account •of the 
hypothefis I have ventured to form on the probable caufea 
of the produdlioti of w£(ter frtom the deflagration of a Riiixture 
of dephlogifticatcd atidunflaihmable ^rs, infotneof oar filend 
Dr. PRiEBTLEt^sexperitnents." 1 - ' * i/i > 

• I feel rhuch reltifl^ce to lay ^ fliy thoughts on tbde 
before the puMk in their ;^fent ind^^ed ifetc, and withofit 
having been able to bring thCnl to* the left of Jfech eRperimenta 
as would confirm or refute them ; and ihould, therefore, have 
delayed the puhlicatioft of ®thefH 'bntil thdS experiments' had 
hech made, if ^ou, Sif, olhei: of my philofophical 

friends, had 1^ thopght 4^^ ^ujfiblp 4s any other conjcc- 
.tuma .which h^ve been form(^«^iijt^ ; and that tbohgh 

they fhotdd not be verified by fli¥tld»r experiments, or appiwed 
of by men ‘oP'fcitence in gehbrali thfey 'fhiy perha^ iheiit a 
^fcuftidi),^ ahd |jlve^fife''toe^i^fljtil^^ which may throw Ij^^ 

!b impqi»%|ijea. 

. S,h ; ,t ... n ’ 

1 firft thought of this way of folving the phspaomctnaiia 
^itd«i«*ouiing to account for an experiment of Dr. Pbiest- 
’ VoL. LXXIV. X X lev’s. 




330 Mr , Watt’s ^ 

ley’s, wherein water appeared to be conveited into air ; and I 
commtmlcated my fentimentsin a letter addrefled to him, dated 
Ajpril a6, 1783*, with a requeft that he would do me the 
iKmoQr to lay them before riie Royal Society j btitas, before he 
had an. opportunity of doin^tne that faYOur, he found, in the 
prdfeeotton of his experiments, that the apparent converfion of 
water into air, by expofing it to heat in porous earthen veflhls, 
was not a real tranfmutation, but an exchange of the elaftic 
floid for the liquid, in fonae manner not yet accounted for ; 
therefore, as my theory was noways ap^lcable to the explain- 
ing thcfe experiments, I thought proper to delay its publica- 
tion, that I might examine the fubjeft more deliberately, which 
mj other avocfttions have p^ented »» do«^ to this 

fii, 2^ ha# been known for foHae titne, that inflammaWt air 
jMHijndiiusd inwh pbJogifojnj and Dr* Pembtley has found, 
fome experiments made lately, it. ** is either whoUy 
#f fS«*e pbJt^ftnn, or atleijft t^ni hi con^ns no ^pironJitftix- 
fftdum of any dthwr wwot-” (la my oidmw* however, ^ 
mnitifis a WfPor aitd n»mh elementary 

i ^ i 

j f 'piw ^ ftnWTWY A* «»4, after lhe«r«y{^ 

%|t|^ of the Rejral ^ .delivered jt to SirJotEPH Banks, ti^a 

yre^dent, wld> > re^aefi that il mi^t he read at* fome of the puhHc pieetuigi ^f 
Ihe Society; iHit klbre that coatd he cUmpried viritb, the author, having heard of 
Dr, P»>Esa^&avi tiew; ciqiediBeaU, bagged that the uadla^ migbl he detayid. 
®he letter, d»e?pji«e,fw« *»fefved wtA the and ef Afidliali; rttc 

au^^r’a ren^d#* h wa# wd M(w th# Society, ft hat hjew? 4#^^ «ww»fHy W 
pruit that letter, at the eSential parts of it are repeated, elmoft vtrhffipy 
tki, letter to M. '!>• Xihe ; bnt, to aulhe&ticate the date of the author’s the 
parts of it which are coatnbed ia the prefent letter ne aaerked irM din^ 
itaiamat. t ' 

hMt.) 
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httft ♦.) ** Sfe' foiiAtl, l^ eilWfirig. the cdiees of ntetitis 
•* totiw Marrams* coQceotiii'ii^ by a leos^ in a. vefiei contain- 
** ittg infiaoumibie ak only, the o^es of the fiafter metals 
** wene redoced to thear metallic ftate f* and that the infiam- 
raable air was abforbed in proportion as they* became phbgifti- 
cated } and, by contimiaUy fopplytng ^ eefiet \trkh iadamrOa- 
bieair,aait waa abforbed, he found, throat of lat ounce mea-' 
fores, which he bad put into the vefieiy pji ounce meafures were 
abforbed by the calces, and only two onnce meafures remained, 
which, upon examination, be found to be nearly of the feme 
quality the wh<de quantity had been of before the experiment, 
and to be ftill capable of deftagratiiig in conjundioa with at- 
mofpheric of with dephlogidicated air. Therefore, as fo geeat a 
quantity of mfarrtmahU air had been abforhed by the mettdMc Oakes { 
the effeSt of rtdueing them to their metallie fate bad been froduud% 
and the fmall remaining portion was Jiili unchanged, at Itaft had 
jUffered m ehaugt which might net be attributed to its origined want 
of purity i it was reafonabie to cottebsde, then irflammedle air mtfi bi 
the pure pbiogtf oh^ or the matter wbieh reduced the cakes to 
mtale. 

a. ** The fame IngMiens phUedopher milted together cer* 
*f tain pFOportiens of pore diy dcpldo^^ated air and of pure 
** dty InHamtna^e air in a Ikong gkfs wifki, clofefy fout, 
** Ondchm fii them on fire by tsauim d( theeleario fpark,** 
k the fame monnet at la done 'm ^ inflammable air piflol. 
** The firfi: efRsd was the appeatatioe of rid heat or infotiUma- 

* Pfcwioat to Dr. Pa^jixrTMT** maluat Owfe ei^rmientt, M. Kihwam luat 
proved, by very ingenioin dedu^tont from other ft&t, that inflammable air waa, 
in all probalHU^,- t^e i«ai phloi^s, in ta aerial fl»nn. Theft arfoiseiltt were 
ferfefriy wnnotNp to mcfi 'but it ftema saefe prtffr to reft matfSK of th« 
pn&nt bypotbtfii on the dired: experiment. 

X X » 
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3 ja jMr. WATt’s • 

“• tioa in the atrsj which Wasibori foltewed hjl t|id glaf«( 

“ betjoamghot. The heat gra'dmlly pemded the glafs, and’ 
*‘<WiK diffipated in the circumand>Ient ak, and 'as the glaft* 
“♦grew cool, a mift or vifible vapour appeared in it, which' 
“* was condenfed on theglafs in the form of moifture or dcw*» 
**- When the glafs was cooled to the temperature of the atmo- 
fphere, if the veflel was opened with its mouth immerfed in 
“ water or mercury, fo much of thefe liquids entered, as was 
“ fufficient to fill the glafs within about ^^^ydth part of its 
** whole contents ; and this fmall refiduum may fafelybe con- 
“ eluded to have been occafioned by fome impurity in one or 
«* both kinds of air. The moifture adhering to the glafs, after 
thefe deflagrations, being wiped off, or fucked up, by a 
fmall piece of fphnge paper, firft carefully weighed, was 
found to be exa’dly, or very nearly, equal in weight to the 
airs employed.” 

“ In fome experiments, but not in all, a fmall quantity of 
** a footy-like nutter was .found adhering to the infide of the 
.glalfe,” the origin of which is not yet inv^ftigated ; but Dr. 
Pkikstley thinks, that it arifes from fome minute grains of 
the mercury that was ufed in order to fill the glafs With the 
air* which being fuper-phil<^ifticated by the inflammable air, 
aflUmed thaa:, appearance; but,'fi5pm whatever caufe it pfio- 
ceeded* “ the whole quantity of footy-like .matter was tpo 
ftnall to be -sm nisjedl ofi confidetation, particularly as it did' 
“ not occijrjn all the experiments.” ; * 

I am obliged to your friendfliip for the account of the expe- 
riments which have been lately made at Parii on this Ihbjed, 

. 3- ' ‘ ,r 

• 1 believe that Mr. Gavenm»« wm the -firft who difebrered that thtfi 
Imftioii of dephlogifiicated «nd infitanmble «fir produced atoiftuK on the fide* of 
the in which they were fired. > , • 

i i) * with 



fef ge qilisneities of tbei^ two kinds of ^air, bj which, thfi 
tflfantial point feemsto be deafly proved, that the deflagration or 
nuion of dephl<^fticated and inflammable air, by means of 
ignition, produces a quantity of water equal in weight to the 
airs ; and that the water, thus produced, appeared, by every 
teft, to be pure water. As I am not furaiflied with any parti- 
culars of the manner of makbg the experiment, I cah.jnakc 
no obfervations on it, only that, from the chara< 9 xr you give me 
of the gentlemen who made it, there is no reafon to doubt of 
its being made with all neceffary precautions and accuracy, 
which was farther lecured by the large quantities of the two 
airs confumed. 

3. “ Let us now confidcr what obvioufly happens in the 
“ cafe of the deflagration of the inflammable and dephlogiftw 
cated air. Thefe two kinds of air unite with violence, they 
“ become red-hot, and upon cooling totally difappear. When 
“ the veflel is cooled, a quantity of water is found in it equal 
** to the weight of the air employed. This fvater is then the 
only remaining produd of the procefs, and watery lights and 
** beaty are all the produfls,” unlefs there be ibme other mat- 
ter fet free which efcapes our feiifes. : 

“ Are we mt then autberifed to conclude^ that water is com- 
** pofed of depbhgifUcated air and phlogijhn^ deprived of part of 
“ their latent or elementary heat ; that dephlogifkated or pure air 
** is cempofed f water deprived of its phhgtfon, and united to 
“ elementary beat and light ; and that the latter: are contained m 
“ it in a latent fttda, fo as not to befenJUle tt> the thermometer or 
“ to the eye X and if light he. only 4 modification of heat^ or a cir- 
f* cun^ance atmding it^ or a eminent part of inflamm^ 
ff. tftr, iheH pme, or depklogifkated air Is comped of •medor 4 ?r- 
*A prwed of its phit^ifioa and united to elementary beat 


4. ♦* It 




,;,4* ♦♦ It appears, that dfephtogiiicatyi^.;l^ or, :#hifcfe 
a IfeCter name ibr the bihs of Water anidl air, the de* 
fec^enc you call bumor^ ** has a itnore fxmerlul t^raflioti for 
^ pyo^ftoii tbaa it has for lateM heat, bmt that it cmnat 
imtta with it^ at lead not to the ptunt of faturatbn, or to 
sf the total expilhion of the heat, nhlefs it be firft made red* 
**!hot,” or nearly fe. ** 'Hhe dedric fpark heats a portion o 
** at red-hot, the attfa^iou between the humor and the |dilo* 
^fton takes place^ and the heat which is let loofe from this 
firft portion heats a fecond, which operates in a like manner 
•* On the adjoining particles, and fo continually until the whole 
** is heated red-hot and decompoled.” Why this attraftion 
ddes not take place to the fame degree in the common tempera- 
lute of the kmofphere, is a queftton I am not yet able tO 
:^re ; but it appears, that, in feme circumftances, “ dephlo- 
** gifticated air can unite, in certain degrees, with phiogiftoil 
** without being changed into water.” Thus Dr. PtiBSTLEif 
Ids fcmitd, chat by taking clean filings of iron, which, alone, 
produce only inflf ittmable air of the purefi kind, and mercarm 
takimtus per fe^ Which gives only the pureil dephlogifitcated 
air, and expofiug them to heat, in the fame vdiel, he obtained 
iidther <iephlOgifiicated nor inflammable air, ** but in their 
*♦ plaoe fltalod air.” Yet it is well known, that a mixture of 
depMoj^flicaiBd and infkmmable dr will i^main fi>r years hi 
eWe ueflbbi in the ootnmoti heat of the atmofphere, without 
any the mixtnre being as capable of defla^a^ 

tba at the elnd of that time as it was wImmi firft fimt up; 
Thefo SKicounts fisr, by foppe^ng that the two 

kinds ativ tvlufcii formed at the fame time k the Haae swfiel, 
can unite ih j but tbSK, when fuMy farmed; 

they are inespabk Of afBhg me anodMr, noleft thi^afo 


firft 



miti Air. 1 ^ 

1 ^ jTei i# f««emal hoUt, PbJ©|iftic»lted m fe«u8 

« 4j|^ tejb^iiWKiOthflr cprapoifitiflij of phlogiMon fti »4 jfcphkiigjifti-» 
** e«te 4 *ir j” bat m what pp»{»irt}(«j9 they at® uakcd» oc by 
whaiC meaH8, is ihll uoU»CHirn. U appears pje to be very 
projb^K that fixoti «k ooataiAs a greator ^antily of pbjo- 
giii^n tkaa phlpgiiUeatfd abr 4 oe$, becaufe k has a gneater 
l^cJho gravity, an 4 bawoie it has more affinity with wratec. 

5, “ For toasiy years I iwwe eotertained a© opinion, that air 
** Was a modification of water, which ww o«%iiMilly 6»inded; 
“ on the feaa that in moft esafes, wherem air was ai^xiaily 
“ made,” which ffiould be difliogwUhed from thofe whecein it 
is only extricated from fubftances containing it in their pores. 
Of otherwife united to them in the ftate of air, “ the fnb- 
“ ftances were fucb as were known to contain water as one of 
“ tbok ooniihtuent parts, yet »o water was obtained in the 
« procefies,” except what wJ«» known to be only loofely con- 
ned with them, fueh as the water of the eayHaUiaatkaj of 
falls, “ This opinion atofo from a difeovery,” that the latent 
heat contifined in fream ffimitbShed in proportion as the fen- 
fible heat of the water from which it was ptoduoed iper^ed ; 
or, in other words, ** that ihA latent heat of ibeam was lefs 
^ whm it was prodnoed under a gre«U»r prefun^ or in a moro 
Itmfe jftato, and gret^ when it was produced under a lef& 
pfefiuie, or hi a hsfr den^fe ffiitof w^hh led me to conclude, 
« that when m Wfy great di^isec taf heat was nepeflEuy for tka 
ptikh^m of the 0 ieam, the latont heat wbuld be wholly 
« ohangM into ^iifildb bntts and that, in frich cafes^, the 
«< ftemi itfra^ m^t fufier fbmn rnnaiMde change. ,1 now 
<# abandeui thht opmimi kt fo ffir as rehuns to the. change 
*f .lyater into air, as I thinfc that may fae acnountod for on hettor 

. . S 4» ** Jo. 
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<6, I***!*!' every cafe, wherdtn dfephlcSgJftfekted air Im bi*ai 
** ItiwiGbBd, fubftdfices have been etftpioyed, fome of VrHbfci 
pares have a ftrong a«:ra£tioii for phlogifton, and,* 
'•'tasr it would appear, a ftronger attraftion fer that fubftanco 
/than 6 k«i 5/ has 1 they fliould, therefore, dephlog^fticate the 
*?iti«irer” or fi^ied air, ahdthd'^iifWor thus fet free fliould unite 
to the matter of fll^'and ligho and become pure ah’. Dephio- 
giflicated air is proddeed ifn great abundance from melted nitre. 
^ The acid of nitre has a greoteo attra£iion for phlogifton than' 
*>f'any other'fubftaiice is known to have; and it is alfo certain, 
thatonitre, belides ‘it« water of cryftallization, contains a 

V quantity of W'^tet as ofie of its elementary parts, which 
Water adheres to the other parts of the nitre with a force 

^jfafficiontto enable it to fuftain a red heat. When the nitre' 
^'is melted, or>rriade red-diot, the acid a<fts dponthe water ahd 

V dephlogiftlo^itefr it? and the fire ftif^lies the iumor with the 
*i^:)d 0 e quantity of heat to conftitute it air, under which form 

.immediately IffuCs. It is not eify lo tell what becomes of 
«(the^ acid of nitre and phlogiftbii, which are Tuppofcditd be 
1;*noi)fit)ed,’* ‘as they foem to be loft in the procefs. Dr. Priest- 
i,lDir iiafi lately 'made fome eirperimehts, ^ith s view to afoer* 
taio-txhisiipoini;. He diftilled dephlogifticated air ■'from pure 
akife/ itT'iam' earthen retort glared 'within 'and < without. ' He* 
ensf^oyed grains ' the neiorti was. plaoed ;in 

aa akTuitsabe^mnd^ hy means 4n intepflclifiat^ .he obtained 
foom the Aitm uWoheexpepiifient'^liy, andib inother^expeti- 
ntkit 3ob 'otntn^meaftireS of dephlogifticated ilir(|- uhd hp fobnd 
thafi hpoa retoit^ aud nitit bt^re abd after tfie" 

pf»co% they'hajd}fti6^nsd a lofs aii weight equal to'tbo' wei^f 
of sthe air, i^toithiuav»te!^'(ffi t^j|iftalMi^fon.ofi'the.nittei;>'1^ 
nothing more. He remarked, that the air hadeal pottJIdnt* 
al ** ^ fmell, 







fk«>watiirv|i:| the sir .irifi 

acid. I examined a portiott of this water, which he was.i& 
Idiid 9 » to &Hd me, and k that tfie whole of the te- 

cdr^g water had contained the acid belon^itg to a drams » 
120 grauna of okre. Z alio examined the miidiinip ^nd the 
retort in Which the di^iUation had been performed^ and fhund 
the rehdiaiim highly alkaline, yet containing a minute quan- 
tity of phh^tiiicaited nitrous acid. It bad aiSied corthdefabiy 
upon the retort, and had didblved a part of it« which was do- 
poited in the form of a browuiih powder, when the faline 
part was didblved in water. This earthy powder I have not 
yet thoroughly examine, but have no doubt that it princi- 
pally confifta of the earth of the retort. This experiment, 
and aM others tried kt earthen v^ls, leave us UlU ait a bfs 
to detenmne whatbnooimes of the acid and phlogiiba. They 
feem either to remain mixed with the air, in the form of an 
iacoerek>k gas; or to unite wk^ the alkah, or mth the earth 
of the refofiv in fotOe nnmnet fo as not to 1 m eafdy foparated 
&om them ; or dfo they are imbfoed the retorts therafelves, 
which are ZUfIciently porous to admk of fucdi a fOppodtion. 

Jlii that affntts ia 6a emk^ from rWr etferimut /r, that 
tdxnx one half af tbt t6» kittfwmokmne^ia the form 

^ tSfkk^i^tmdairi mi re/bkmfM amtaiaedjme 

f. tiSiC the adUcSHP fhe dknfe on fb© retort tetwW 

to {MKMbnrsaty of the prodaas, 1 hwd* re- 

tso oim^lnittiid^s of tho acid with eastbs Aom 

which lh» de{id<^^b:s»!ed at U trained with leftf heat ihtd. 
from nitre Idilg thtsfeffoeeils lAws |i«ea partics^arly 'db- 
liskied by Dr. PRijssTiiEir, by Mr. Scheele, and others, I 
VoL. LXXIV. Y y fl»all 


lit »{)# Into h&t l^itl nieiitiogtiSa 


gpoti^'plwnomeiMfr wiush i obafeived^ and arliiiib rolate to tho* 
ino&mt fubje^li. 

'THe earths 1 u&d were magnefia alba^ cahsareoua earthy and 
nuniom or the red calx of Iea(L 1 diUbivedi ^em in tijft re-* 
l^fltve experiments in nitrous acid dephlogiilkated by boiling,, 
smd diluted with proper proportaons of water.. I made ufe of; 
gkfs retorts, coated with clay ; and 1 received the air in.glafs- 
vefTels, whofe mouths ware immerfed in a glazed earthen ba- 
ion, containing the fmalleft quantity of water that could be- 
ufed for the purpofo. As foon as the retort was heated a littlc' 
above the heat of boiling water, the folujions began to diftilj 
watery vapours containing nitroua apid. Soon after thefe va- 
pours ceafed, yellow fumes,, and in fome of the cafes dark red, 
fornies, began to^appear in the^ neck of the retort and at the 
lame time there was a production of dephlo^flicated air, which* 
was greater in quantity from fome of thefe mixtures than from* 
others, but continued in all of them until the fubAances were. 
i^edUced to drynefs. 1 found, in the receiving watp: &;c. very* 
nearly the whole of the nitrous acid ufed for their folution, but 
highly phl(^ifticated, fo. as to emit nitrous air by the applica<^' 
tion-of heat^ and there is, reafon to believe, that with, more 
pmoav^n the whole might have been obtained. 

8, As dm quantity.of dephlo^lHcated ait {xrodoccdby thefet 
procefies did form a fufficient part of the whole weight, ^tCK 
enable me to jndge whether any of the realncid entered into 
the compofidon of the ah obtained, cea&d te.purfne thei»:> 
further, having leamed dom them the hSt,, bmevar imh> 
ihe acid and th e^tiamere dapMog^iceted hefara^kt fdHtiaOf tbi^ 
acid alwayt bcemtt idghfy. pdfh0icattd m.tbc . 

In» 



f^flog^dii'iWM fuMi^iiill^ 
aIw fym tlephlvg^aiced nH^iidus acid w^s dl{lilt)^ 

ifrom intttiiKn ciU no nwire add . or ait eame oyer. More of the 
Stme flctd ws« added <(0 the sntuom as Sern as it was cold, and 
the diftUlattoo repeated^ which ftoduced the' fame appearance 
of red fumes anddephlog^cated. air. This operatiem was re^ 
peated a third time on the fame minium^ without any fenhble 
variation in the |>ha6Qonwraa. The precefs fhould have been 
ilUl farther repeated, but the retort brdee about the end of the 
third diilillation. The quantity of minium ufed was izo 
gismts, and the quantity of nitrous acid added each time was 
240 grains, of fuch ftrength that it could difiblve half its 
weigM of onercury, by means of heat. 

It afipeah from ,tbh experiment^ that unlefs mwhtrp he -fiippo/ed 
to C 9 ^ principdly of pbit^flent tk fount ^ the.pbhg^ea^ thus 
abtarntd^ was either the uiirens aud stjeff, or the viater wirb 
which it was. dMstted t or edfe that it . came through the retort with 
she lights for the extort wot m Shis cafe red-hot before any air uas 
prpdueedi yet this latter condufion does not appear very fatif- 
^aSory, when it is confidered, that in the paocefs wherein the 
oarth made ufe of was^magnefia, the retort was not red-hot, or 
very obfeotely fo, in any part, of the procefs ; and by no means 
luminous, when the .yellow 'and red fumes firft made tlieir 
a|q>eai!ance^ - • , ^ ^ 

9. At dih|»indpal pohit m :vieste was to determine whether 
any part of theiacai entered into the ccanpohtion of the air, I 
refiilaed to employ f(»ne fut^nee which would part with the 
acid in a moderate hedt, and' 'ai^ give larger ' quantities of 
sur than had heen^obtdned .in the former proceffes. Mer- 
ony was thoai^t a proper fubfbnce f)r this purpole. * 240 
giaiiDS of meroity <#ere put into a glafs retort with 480 granns 

Y y 2 of 



lii|r'%ice|&ry to diSbhr« tile iiiMiie ctf iiii iwiiiloryy a 
Ijeiil^lirAs applied) aad ae Sscm al tke eoaunei} afo ccptMued ia 
Hhi ii^liiiit was (filBpated; a wefiel <vas pfniidi iO'ftieaee tiw ni'- 
tvottt atr proceedmg from tius 'wbltii tea* i6eunce 

eneafares. When it hadcBaiMlo|;hFe iiaft8«Hi»iary the neck of 
the retort became hot from t^Kieattiy ftemm of the acn£ llie 
air receiver was taken away, said a eommon rectaver was hated 
■ok, with a little water in it, lo OQiKd8iv& the imptmia,. anil a 
<|vatitiry of dilute^ but’ hlghl|y phlogilHcated, add Was caught 
an the receiver. When the watery vapours had nearly ga me 
over, and yellow hlmes appeared in the nock of the retort, 
the common receiver was removed, and the air receiver re- 
|dt(CCd ; about ibnr oum:es of very ftrong nitfoos air pafled up 
imtoediatdy, the fumes in the revolt became iud> and ’defdilo' 
l^lhcateddr paiTed up, which, unking with the nkrous ak in 
iihe receiver, produced red ftmies in the reneive#'; and the^wo 
kinds of dr ading upon ope asotlisr, their hu& was seduned 
. <6alUaif of an ounce laeofure. At this period the hsiaes kathie 
tndoit urere cf a doHc red ookaic, and di^hlogidiBatvd air ams 
■fXoimekd very Sa&i Ai;er a fhott i^ne, lomi oiiunge«<coliHiB«!d 
Seblimatc appeared in the upper pqiit of the rehtif, and «»• 
^Ihaided alktie way along its week, the redioolowQf tbe fiuiids 
gradually diiappeared, and the neck of the retort bflcai8w.^to 
dnar* At thi i^dne time that tlids happeocth !ktiail.g]Bbulu6 of 
tneremyappeiotd in the uodk of the »etot% and accwsHihited 
titere uatl tiie^tm'down in dn^s. The pnotiQftiswiQif dbaair 
was now vxaf <kid aefeeax^anied wstkiSBiMdt of the Whke 
cloud or pcfiiiadei;|^»^^ Whidh pafiedop ukhli tii««dskda>iiB 
receiver, and mhssdj With- the water, Imt did hntrdifloloi hs it. 
giving ahotit ^ oujnQ6 tneahuws of dfi hfagi ft iatBiag* 


to giv»%,iRgr tjje retort ,, 61 ^ 

«9dk;4 fra# &m4 to he onapty, exce|>tlfc^.a 

jSatalifBMa^ity bladt pm^en whu^l, on beir^ ruhbea an 
thehaoa, pponsd to ipoftiy running meroury. Tboorange- 
coibured Ibblkaate was wafOW owt of (he ne^dt of the retort, 
sntd what running nraoury was in it was feparaltea, and added 
to that which had run down into the i^Oit among the water. 
The whole fiiutd oofarcnry, whm dried, weighed ai€ grains; 
there&re tt grains remaiaied in dbe form of iy>limatr, which, 

1 belidve, wotdd al&» have been redact if 1 could have applied 
heat in a peoper pninncr to tihe neck ^ the tetort, a» Ibtioe of 
h, to which heat couM Sac applied, 4^|>pea»(d, 

« 10. The riS ounce tnelfum of nitrous air, which had been 
produced in the ideation qf the mercury,^ and had remaitMd 
confined by waiter in the receiver, was converted into tdirous 
acid hy the . gradual idauihon of cosmnon alr^ and was taken 
up the water ; thk water was added to that in the baion, 
wvkkh had &rved to jcodae the dephbgifiiGated The 
-tttbok quantity was dsoea.twh' quarts, jtrasi, very acid to the 
• caAe, ai^ %aiiclingi .with hitvons dr. it .was immeS^td]^ put 
wite iintlies, and we^ onsiied, until it had^hsft the heat gained 
in the oparatiqis. lareidar Jtddhtewnioie' the quantity of acid 
WMdbmeeeivtag watei said dn iho iubUih^ 1 difidved, firfi, 
alkaH of tartar in water, and filtered the folution. 352 grains 
tiii.aicdhwst'idt^^ ii^.girdnS of the nitrous 

aBidjiliad«»plflyh4:|ia»afidW'%»khn i3P5.#^s‘ 

df ■(jh^forwidHeagiBii ibhttipn. ^he’orange-colouit<»*]pH^- 

«i|sisaia,. andit^ the^aeWfiN^^.'obtalnwd from the" pfocefii': 

fthepefiwe;W(»di»iO'-th^ ^NCfPOitiapi as f'i75» 

tfawn wdkdsiift. appeals, the add-ecnployisd.yVlP-. re- 
' jfioflwedi again m (fee fisraMdr fit(..gt»ius ; 

a fmaller 




inir^' ?,^-'or<fer to-afcmain'the pdM;:Yof.»ril»ir,i^iQn,. ^pti 
ftalH?4 by the juice 5(if<«the'|»«t«i«^t»f'i.^!fc«rtet rerfe, 
employed, which were the Ateeft eell I could procure. 
«# litmus will Bot Ihew the pbitit of faturaekm <wf any liquor 
otAitainirvg much phlogifticated nitrous acid, or even fixed 
;air, but wUl turn red, and (hew it to be acid, when the toft of 
thofeleavesi violets, and feme other of the like kind, will turn 
green in the fame liquor, and fttew it to be alkaline^ But the 
point of faturation of fo dilute a liquor is fo very difficult 
to afeertain, thati an error might eafily be ’Committed, not- 
tVithftaiiding the attention beftowed upon it. SuppoTing this 
•eipentnent to be unexc^tbnable^ the concluftons which may 
!be 4rawu from it are very favourable to the hypotheds 1 endea- 
^’Vmt to fupport. Tbirty-fx ounce meafures ef depblo^kated 
.^edr were okamd^ md only jwe gramt a iweah nitrous ucul 

ttrere in the frtteefs. fJwo bmdred and eighteen graim ef 
ettermry out of two hundred end forty were revived* >md aU the 
Jtgd^egi/HcMed nitrous ecid empkyed k fomd to h»Mg1^ fhkg^* 
■^dtedM. t^ ^roeefi, It appears* tbati tbemtnm ncid does mt 
^he eompoftim ef dephl^g^icated ak%. k fiems otdy to 
^meSgdd^rhfblogifton from tda watery fart the merettrial 

I i . A« this l#ft proofs proved very tedkws und com|»Ucated 
on account oi^ ffie^heceffity of afterttunkg the quantity of wad 
ih the receiving hy means an alkali v^ich affiuded a 
double, foured^^ hrhi^ the point of fatur^oni I re&lved to 
try the diftillatt^ OfC^ephh^iflicated ur from cubic tatte imtt 
glafs veftel, aod*|o dMiflrom it only foch a quAntiiy of ah' ** 
It would yield witliqut A^lifig jjHK^ upon the lastpl, svbich 

latter 



Utter mituplNaca k e^ifenttklljr neoeSarjr to- be attended Icy 
4ii OBitco ^ ciyilak of mineral alkali were diflblved ia.> 
nitroua aciid» and the miKture brought to an eieaft {aturatiou bj . 
tbe teft of Ikmna « 30 ounoe meafures of air- were diffilled from 
itj whichy during the latter part of the procefs, wae accom- 
panied with flightly yellow fumes j the reccmng water was 
fpund to be acid, and the reiiduum alkaline. The refiduunx 
being difTolved in the receiving water, the fblution was neu- 
tral, or veiy nearly fa, by every teft ; for in this cafe litmus 
might be ufcd, as the acid was very flightly phloglfticated. On 
adding a few. drops of a very dilute nitroua iicid, the tefts 
fliewed the liquor to be acid. 

1 2. Encouraged by the fuccefs of this experiment, I took 
an ounce = 480 grains of pure common nitre, and put it into a 
fUnt-glafs retort, coated, which was placed in a furnace. It 
began to give air about the time it became red-hot, and during 
the latter part of the procefs ^his- ak was accompanied with 
yellowifh fumes. X flopped the procefs when it had produced 
5p ounce meafures of air. The receiving water, and parti-^ 
cularly the air, had a fl;roag but peculiar fmell of nitrous acid. ■ 
The ak.wa? well waflied “with the receiving water, but was 
not freed from the fmell. The receiving water, which was 
50 ounce#^ was flightly acid,, and the refiduum alkaline. 1 
diflblved'the latter in the former, and., found the mixture alka«- 
line. 10 grains of weak nitrous acid were added to it, which 
faturated it, and 105 grains of this ipirit of nitre was found to 
contain the acid of 60 gtains of nitiv; tbetefete the to grama- 
contained ‘th<uicid of 5, y grains of nitre, which, byMr. 

WAN’s cxperinasaus k equal to two grains of real nitrous 
IVe bave^ 34 grains weight c/ J^lsgiftkated air 

^eadmedt tmi tm grains .^ real acid i Atid it k not - 

certain 




certa^'l^^stbb qu«trtl»y w«l poi^ 

of of the retort was 4tSbke4 bf the li^jre, arid f«MS 

pjtft^^e materials employed in Jtutiking the |i«fs being alkSli, 
wNl may conclude, that the alkali of the nitre yrctnld be ang**' 
xaae^ed by the alkali of that part Of the glafsk kad (Hdblvn4 
A* the glafs cracked into fmall pieces on cooling, and Ibmc part 
of the coating adhered firmly to it, the quantity of the glafa 
thdt was diflblved could nOt be afcertained. From tbit oxpm- 
mtri it appears^ that if any of the acid <f the Mitre mien mfa 
tke compofition tf the depf^ifticated <w‘r, it U a very fmall parti 
and it rather feems^ that the aeid^ cr part ef it, mites ’itfelf fi 
firmly to the phlogljion as to lofe its attra&kn for water. 

The vitnolk faks alfb yield dephlogifticatcd air by 
** heat ; and in thefe cafes the de|>hlog5fticated air is always 
♦'•attended with a krge quaitity of vitriolic add air or lul« 
** phureous vapour,” even when the falts ufed are n<« known 
to contain any ^logiiftlc matter, Mr. ScinBEt.E mentions his 
Idn^ng obtained de^logifeicated air from manganefe diifohmd 
to Add of phol|)hortts, and alfo from the arfenkal add : fitmt 
tyhence it appears, that tliefis acids, or perhaps any acid which 
cAA'heAr a red heat, cant concur to fhe produdbion Of dephlo« 
gISdfledfdt. ilf is tteefiitry to remark, thatwei^immts have 
iien fitt jhewmg thin dephbg^catei air cm hefroSoced 

frkihrfidhffiS^dhy the muliatia acid. The ackks whieh proskee 
fd^'^tsihMt fit' ^s fur^, A&cr all a firmg t^kity with 
phh^kii%'^li^^iSi' mdrke acid has eitbm* 4 wry fmedl 
vhfihik^ eh" 10 k okeady fatvrated vekh it, ai leaf fo fir fata* 
raiv^stm'^i^ddliktoath^itfivmtbehtix^ 

*'* 4 ^ ait obtdited hiom thepofe cstos 

** of metals Jiis^ akrlfej^ to the calces thetttfelves/atttad- 

♦^•^the pMogl^'lrdhi'^er which ih(7' ha<tW«bid lirdit 

tu.r.vt < ^ u thA 



or /roiii 

. prpl»fiWe, ^hatthe de|>hlo^iftic^t;pd air.extruded from 

grpnswi; ivx^gotables mi&jr Ije owing to their dephlogifti<;ating the 
HK^oF Cl|ey<grow in ; but it appears more jpfobable, that the 
plants have a power of dephlogifticatlng the fixed, or phlo- 
giUicatied, air -of the atmofphere. 

** When dephtogifllcated and nitrous air are mixed, the de- 
** phlogiiticated air feizes part of the pf^ogifkm of the nitrous 
“ air.” The water contained In the nitrous air, and the other 
part of the phlo^fton, unite with the nitrous acid, which then 
afiumes a liquid fiwm, or at leaft that of a denfe vapour; “ and 
“ that part pf the latent Jheat of the two airs not effential to the 
new comhination isfet at liberty'*.” 

In the combuflion of fulphur the fame thing happens, but 
in a greater degree ; for the vitriolic acid, having a much weaker 
attra^ion ^ phlogUlon than air has, abandons it almofl en> 
tirely to the latter, which is thereby converted into water, and 
in that formattrads the vitriolic acid, and reduces it to a liquid 
ihite. The reafoning may be applied to t|ie combuflion 
of .phofphorjLn;, which Is attended with limilar efieds. 




,d(j^|ogift‘^ 


le fi:^d air whi^^i 


I cmiift take iippn m whjch hw come to my 

knirail^gc;, ^h«th«r any part.of ilcphlogifliqatc^ air onploycd in this experi- 
IDCQl; li ^riied ifi|o fixed air ; but I am rather ioclined to think that ferae part ia, 
becaufe the quantity of ficat, which la fqpat^ted by the unkm of the two airi, 
does nbtfeem to WIb great as that whidh ds4epai:ateil yvhen the dtphihi^^i^ted 
air is Whtdiy chimfod auto waw? yet ;:£3iiie. water appe^ ^ ^ fonpedf becauia 
when the mlxmit ^ ti^ade^ ovfr ignepcury, thi;; felutioo of the rocrciuy m the nj* 
tions c^y|lal}jiaed form, wl^ich, howerer, may be due to the watery 

of thp n«Mw» ^ 
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3(4^ Mr. ^AT’f ^ AsjjfM 0« tU 
15. I lhaU not males, «t pre^t, ah^t fnitber 4 edaGS)^ 
from I myfelf ccmll^ (till ilo the liglic Cff 
hypollteds, wliich I have perhaps dwelt tipon iott Song already. 
1 (hati only beg your attention to !fome general teaifiintng <x»th« 
(ubje^ ; which, however, may poflSbly ferve niow td fliew ttte 
uncertainty of other fyftems on the conltituent parts of air^ than 
the; certainty of this. Sc»ne of thofe (yftems (iippofe dephlo- 
gidicated air to be compofed of an acid and Ibmething elfe, 
ibme fay phlogifton. If an acid enters into the compolition of 
it, why does not that acid appear again, when the air is decom- 
poled, by means of inflammable air and heat ? And why is 
■the water wluch is the produA of this procefs pure water ? 
And if an acid forms one of its conftituent parts, why has no* 
body been able to detefl any difference in the dephlogifticated 
air, made by the help of different acids, when compared with 
one another, or with the air extruded by vegetables ? Tliefe 
airs, of fuch different origins, appear to be exaftiy the fame. 
And if phlogifton be a conftituent part of air, why does it at- 
ttafl phlc^iffou with fuch avidity ? Some have, on the other 
hand, contended that air is compofed of earth, united to acids 
or phkgHhm, or to both, or to fome other matter. Here we 
mud afk, what earth it is which is one of the component 
parw of air ? All earths which will unite with the nitrous or 
vitriolic acids, and with fome others, fuch as the phofphoiie 
and the arfenical acids, will ferve as bales for the fbrmatbri 
of air,- aitd the air produced from all of them appears by every 
ted to be the fame, when freed from accidental impurities. 
To this argun^t it is anfwered, that it is not any particular 
facies of earth which is the bafis of air, but elementary or fim* 
pic earth, whtdt is contained in all of them. Jf this urere the 

' msuter 



Water and ^p^^g^kated |47 

|i;aat|er o^phf would not l^at eum be found after the dedsm* 
Ifofi^on <^’tihe air? ' ^ 

has formed an hypothecs on this fubjed, in 
wl^cb be fuppofibs heat to be compofed of <^)hlc^iilicated air 
united to phlogifton, and tbat this combination is fuiHciently- 
fubtlie to pafs through glafs vefiHs. He affirms, that the ni- 
trous and other acids, when in an ignited (late, attra^ the 
, phlogifton from the heat, and fet the dephlogifticated air at li- 
berty ; but he does not feem to have been more fuccefsful than 
myfelf in explaining what becomes of the acid of nitre and 
phlogifton in the cafe of the decompofition of nitre by heat. 
And fince we know, from the late experiments, that water is a 
^mpolition of air, or more properly, humor and phlc^ifton, his 
whole theory muft fall to the ground, unlefs that fiift be other-' 
wife accounted for, which it does not feem eafy do. 

i 6 . To return to the experiment of the deflagration of 
dephlogifticated and inflammable air, ** it appears from the 
“ two airs becoming red-hot on their union, that the quantity 
of heat contained in 6at dr both of them, is much greater 
** than that contained in fteam ; becaufe, for the firfl: moments 
“ after the explpfton, the water depoftted by the air remains in 
the form of fteam, and confequently retains the latent heat 
“ due to that modification of water. This matter may be eaftly 
** examined by firing the mixture of dephlt^fticated and tnfiam- 
** mable air in a velTei immerfed in another veflel containing a 
** l^iven quantity of water of a known heat, and after the veftel 
“ in which the deflagration is performed is come to the feme 
temperature with the #ater in which it is immerfed, by ex- 
“ amliiing hbw much heat that water has gained, which b^ing 
divided by the Quantity of nfratcr produced by the deemh- 
ppfition of tne airs, Will 'give the whble quantity of demen- 

Z z 2 i. tt tary 



** tar/ or kteilt heat whic^ that water hal ooitt^inaify 
**‘ air ai|i|' as fteam ; aod if frqm that ^an<^ we ^ 
*‘ Ifteet heat of the ftean*^ the jcmaiodcr will he the latent or 
eleraentary heat ccwtained mote in air than hi iWn.** Thia 
cAperimcnt may be made more compleatly by means o^ thecx- 
cdlent appaiatua which Mefl". IjAvoisier and 0 ® tA Place 
have contrived for hmilar purpofos. 

Until diieft experiments are made, we may conclude, from 
tUofe which have been made by tlie gentlemen juft named, on 
the fdeconopofitions of air by burning phoiphoros and char- 
coal, that the heat extricated durttig the combuftion of inflanv' 
mabte and dephlogitticatcd air is mucli greater than it appears 
to be; for they foui|d that ope Paris ounce (= 576 Parilian 
grains) of dephlogifticated air, when decompol'ed by burning 
pholphorus,t melted 68,634 ounces of ice; and as, accordii^ to 
another of their experiments, ice, upon being melted, abforbs 
1^5® of heat, by Fahrenheit*® fcalc, each ounce of Air gave^ 
out, 68,634 X 1 25® = 9:^6^°, 590; that is to la^y a quantity of 
h«®t which would have heated an ounce of water, or any other 
ifl^Pttier whicli has the kme capacity for receiving heat as water 
has, from 32® to 92651®; a furprihng quantity ! (It is to be 
tunkrftood, that all the latent heats mentioned herein are com* 
pafod tUth the capacity of water). And when an ounce of 
depblqgi^kicated air was changed Into fixed air, by burning 
charcoah or hyifhe breathing qf animals, it melted 39,547 ox., 
of ice; confoquewtly we have 39,547 x I35®=3j»|8®,845. the 
quantity of heat which an ounce of dephlogifticated air lofeSj 
when it is chaii||jed ihto fixed air* By the heat extricated dar- 
ing the deton^^diim one ounce of nitre with <me dunce of, 
fulphurv 3* ouacp of ice mere melted i. and, by the experiment , 
1 h^ve mentioned of Dr. Pwestley’s (6), it appears thAt 



l^hlog*fticaitfii^«fi 

Wkttt fttlfthtfr ate kttsdk^^ dcfihlaipiticatc^ 

1^ Ifitteiiiflkes with the phiog^a of; die fulphur, and 
jfka ili whidi hn mediate unites to the .alhaH of the 

nkfi^, ittid produces Vittiolated tartar. T^e dq)HI^{iicated airj 
tmitedt to the'phlogifton, is turned intoiwater^ part of which is 
ahfbebeid by the vkriolaled tartar* and part, is diiSpatod in the 
form of vapours, or unites to the nitrous air, or other air, pro* 
duced in the proeel's. ^ , 

' As half an ounce of dephlogifticated air is, in. this procefs, 
unitedby inftammatim to a quantity of phlogifton fuificient to 
fttotate k, and no fixed air is produced, itihonid melt a quanr 
tity of ice equal to the half of what was melted by the com- 
binatioh of an ounce of air with phlc^ifion in burning phof- 
phdrds ; that is, itfhoold 1110^34,317 ounces of icet and we 
find* by Mefil IkAy^isiER ^ Ds la Place’s expexunent, 
that it actually melted 32 ounces of ice : the fmall difference 
may be accounted for byXuppding* that tli^ beat produced by 
the cotnbuftkm might not be quite £> great as that Dr« 
PitfisTLEY employed in ids experiment; or that the nitre 
might ^ lefs pdte* and confequoitly hot ib much air formed. 
The two* fa£ls, however, agree near enough to permit us to 
Conclude^ tha dtpbh^ftkat<d o/r* in uiutmg to the phkgijion 
friidueei at ntneh heai m it doa m uniiiag with the 

pbhgi^n 

AccorcKiig to Eh. Prisstley's experiments, dephlogif- 
ticated rif unites compkatly with nbout twice its bulk of the 
iflflaiKMgud^ air imm mtxak- The infliuiimahie ur bring fup- 
pofed to be wholly phlogifion, and bring ^ of the hrejghEi 
of an equal bufilc of dejihlogi^ated air, and bring tkndoiem 
qikhtity, wUlbe— of the weight of the dephlogil^QtiGel itir 

at 



% 1i^E«s ’ Haoreibve <me otan^ {if# tp<aiiniQ.^4fpl^ 

. f^Akai^ will re^olfe xao gratEis. of lf;#^paai>lo. «ir» .1^ 
{#}|bg^no, to conirert k into water. .And %|>o0|ig tbc; hetf 
eiikticated by the ouuki of dephlogifHcated vndk^lanuiis^le air 
tn be equal to that extricated the biiriuog, of phofphorus^ 
tare fliall Hud, that the union of izo grains of infiaqmmble ^ 
with 576 grains of dephlt^iAicated air, extricates 9 a #5** of 
heat. 

1 8. In the experiment on the deflagration of nitre with char> 
coal, byMeiT. Lavoisisk and De la Place, an ounce of 
nitre and one third of an ounce of charcoal melted twelve 
ounces of ice. Sufqioiing the ounce of nitre to have produced 
half an ounce ofdephlog'dlicated air, it ought to have confum« 
ed 0,1507 ounces of charcoal, and fliould have melted 141773 
ounces of ice ; and I fuppofe it fisll ihoit of its efled by the 
heat not being fufficiently intend to decompofe the nitre per* 
feftly. 

'X'h 9. By the above gendemen's experitnent,«n ounce otf charccal 
lei^ired lor itscombultion 3,3 167 ounces of depldogi^cated air, 
aird produced 3,6715 ounces of fixed ak; th<»%f9re thcfe was 
ni^ed to.each otmce of air, when changed ikjtofl^wd air, 61,5 
grains of phlogiflop, and 3988^* of heat weaa.eytra^e^. Jb 
peart fy th^faSs^ that the v/ftm of in^trmt prepor^ 

iionSf wk# dephlogi/Ucated air, does not extrie^te proporthnal quan- 
tities of beat. For the addition of 61,5 grains produces 3988% 
and the union of J20 grains produces 9265°.. This di^rence 
TBdcp arlfe from a noiAake in .fuppoling the fpeoific gravity of the 
inflanunabie shr PatBSTLE v employed to have beehon^^- 
of that of de^dilpgifticned dr ; for if it be fuppoied that ks 
fpecific gravky^t^^ a J^tbf more than 4. of that^ qf fh® ■4*’ . 
pilogiflicated air, thm equ^l. additions of’ phlogidon would 

have 



of * : this matter Chi||tl|[ 
tiiisn^tei he fmt to the tdl of expe^oo^* by de&gtating ^ 
phJt^fticiied air with air of a lu^own fpeci^ 

graviiy^f or finding hcnftr much th^hlogbfticated.air is neceit 
fiuy for the combufiion of an ountre of futphur«i the quantity 
ofphlogiflon in which has been accurately determined by Mr. 
KiawAN ; or by finding the quantity of pblogiilon in phof- 
phorus, the quantity of dephlogifticateid air neceiTary for its de- 
compofition being known from MeC Lavoisier and Db la 
Place’s experiments. ; 

On confidering thefe latter gentlemen’s experiments on the 
combuftion of charcoal, a diificulty arifes, to know what be- 
came of tiie remainder of the ounce of charcoal; for the 
dephlogifllcated air, in becoming fixed air, gained only the 
weight of 0,3548, or abmit 4 of an ounce ; about 4 of 
an ounce are therefore unaccounted for. The weight of 
the afhes of an ounce of charcoal is vqry inconfiderable ; and, 
by fome experiments of Dr. Priestli^v’s, charcoal, when freed 
from fixed air, and other mr which it imbibes fropi the atmos- 
phere, is almofi: wholly convertible into phlog^fton. The caufe 
of this apparent lois of matter, 1 doubt not, thefe gentlemen 
can %xplain fatisfiiSorily, and very prob^ly in fuch a manner 
as will throw other lights on the fubjefl. 


* Or ic way ariie froni my being mHI;akeii» in iuppofiog that the fame quantity 
of l^t it difengaged by the union of itephlogtiHcatcd air with phlogifioo. In th* 
form of tniifoitiiiial)ie air, t« it by ks union with the {dilogi^n of pho%iionit or 
futphur i and there appears tn be fettle i^ibn why there feould not ; becaufe iu 
thefe latter 4!afet llhe ivatei’t bfing united to the acid8» eapnot retain fo much clc- 
«iientary,hnai aik can do when left in the form of pure watcr> which is the cafe 
wten the inflammable air is ufed* 


It 
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let loofe in #e{e i»pi»r!itteiiCi i^ in itiii 

^|^4^;ifticated air; ofwhMh«r1lie|^tdi ^orticfti <»f ttneti 
contained in the phlogl^ or bfiaix^ahk m. Ifit mm 
aB contained iti the depHlogifticated ait, ** the gumraimU is 

fbdt elafik fimis wre mlarged ht tbtir dUun/km *9 freffos^ 
tion to the quantity ef heat they contain i'* bCcanfe then, inianr* 
mable air, which Is ten tiiiws the hu& of dejihlogiAkated air, 
muA be fuppofed to contain no heat at all ; “ and it is known, 
** from fome experiments of my friend Dr. Black*s, andfome 
** of my own, that the fieaxn of boiling water, whofe latent 
** and fenlible h«t are only 1 100^, reckoning from 60®, or tcm- 
** perate, is more than twice the balk of -an equal weight of 
dcphlogifticated air,” It leems, howeter, rea^iable to fup- 
^fe, that the greater quantity of heat fhould be contained in 
the rarer fluid. 

' It may be alledged, that in proportion to the quanti^ of 
ph^ifloo that is cbntdnod in any fluid, thb quantity of heat 
iakliened. But if we reafon by anak^, the attraffion of the 
particles of matter to one another in Other cafrs is inorei^ 
liy pHlbgifton, and ** bodies are thereby rendered fpeckfically 
“ heaviel f* and we know of no othw fubfrsioe b^des’heat 
which can be fuppofed to (eparate the particles of irr&unnutblB 
air, and to endow it vnth fo very great an elafric power, and 
£» fmidl a l^pedflc gravity. . On the other hand, If a ^teat 
quanta^ id^«leiiiait«ry heat be allowed to be contained ill in- 
flammable a&r, on account of ks bulk, ^ iame rea^Hung can*' 
hold goodin relpei^ to the phbglfronr ^ fho^boras, fill* 
phur, charcoal, &c. But all thefe fubfr^hces coratida other 
matters befides phlogifloa and heat. The acids in flic fulphiir 
'■* and 



«»d phoQuiioiaolf and the alkaii and earth in charcoal, may at- 
trafl: the phlt^ifton fo powerfully that the heat they contaht 
may not be able to overoMne the adhefion of their particles, 
until, by the efie<9: of extertial heat, they are once removed to 
fuch a diftance from one another as to be out of the fphere of 
that kind of attradlion *. 

If it be found to be a conftant fadi, that equal additions of 
phloglllon to dephlogifticated air do not extricate equal quan- 
tities of heat, that may afford the means; .of finding the quanti- 
ties of heat contained in phlogifton and dephlogifticated air re- 
fpedlivcly, and folve the problem. 

Many other ideas on thefe lubjedls prefenf themfelves ; but 
I am not bold enongh to trouble you, or the,, public, with any 
fpcculations, but fuch as I think arc fupported by uncontro- 
verted fadts. 

I mull therefore bring this long letter to a conclufion, and 
leave to others the future proiecution of a fubjedf which, how- 
ever engaging, , my neceffary avocations prevent me from pur- 
iuing. I cannot however conclude, without acknowledging my 
obligations to Dr# P riestley, who has given me every infor- 
mation and afliftance in his povyer, in the courfe of my enqui- 
ries, with that candour and liberality of fenliment which didin- 
guifli hisreharafter. 

I return you iny thanks for the obliging attention you have 
pai^ to this hypothelis ; and remain, with much efteem, &c. 

< JAMES WATT. 

♦ On the Ihii qnei&)ii feeiBs to involve fo many difficulties, that it cannot 

he clear^ ttp witjiout naany new experiments. - 

Vol.LXXIV. ^ Aaa 
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XXVI. Sequel to the Thoughts on the tonfiltueni Parts of Water 
and Dephhgijlieated Air, In a juhfequent Letter from Mr,. 
James Watt, Et^tneer^ to Mr, De Luc, F, if, S. 


Read May 6, 1784. 


D £ A K 3 I Rr 


ITirTningham* 
ApJtl 30, 1784. 


O N re-confidering the fubjeft of my letter to you of the 
26th of November laft, I think it neceflary to refume 
the fubjefl, in order to mention fome neceflary cautions tothofe 
who may chufe to repeat the experiments mentioned tliere, and 
80 point out fome circumftMices that may caufe variations ia 
the refults. 

> In experiments where the dephlogiflicatecl air is to be dif- 
tiiled from common or cubic nitre, t)aefe falts (hould be puri*- 
^ed as perfectly as poflible, both from other falts and frortt 
phlogtftic matter of any kind; otherwife they will produce 
ibme nitrous air, or yellow fumes, which will leffen the quan- 
tity, and, perhaps, debafe the quality of the dephlogifticated 
sat. If the nitre is perfeftly pure, no yeUow flumes are per- 
■ceptible, until the alkaline part begins to aft upon the glafs of 
the retort. Mid even then they are very (lightly yelbw. 

When earthen retorts are ufed, and a large quantity of air is 
drawn from the nitre, it afts very much upon riie retort, dif- 
folves a great part of it, and becomes very aHcaUnc, BetMning 
only a fmall part of its acid, at leaft only a fqiiiU part which 
6 can 
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^a be ’made sii|)pear in any of the kuowii fornaa of that acid j 
aiid unlefs retorts fan be obtained of a tnie apyrous and cona- 
paft pcwc^in, I ftiould prefer glafs retorts, properly coated* 
for making experiments for the prefent purpofe. 

In feme of my experiments the nitre was left in the retoi t 
placed in a furnace, fe that it took an hour or more to cool. 
In thefe cafes there was always a deficience of the acid part, 
which feemed, from feme appearances on the coating, either 
to have penetrated the hot and foft glafs, by pafling from par- 
ticle to particle, or to have efcaped by fmall cracks which hap- 
pened in the retort during the cooling. There was the leaft 
deficience of the acid when the diftillation was performed as 
quickly as was prafticable, and the retort was removed from 
the fire immediately after the operation was fiiufhed. In order 
to fhorteu the duration of the experiment, and confequently to 
leffen the aftion of the nitre on the retort, it is advifable not 
to diftil above 50 ounce meafures of dephlogifticated air from 
an ounce -of nitre. The expeximeixt has fucceeded beft when 
the retort was placed in a charcoal fire in a chafing-difh or 
open furnace ; becaufe it is eafy in that cafe to flop the opera- 
tion, and to withdraw the retort at the proper period. 

When the dephlogifticated iir is diftilled from tlie nitre of 
mercury, the felution fhould be performed in the retort itfelf, 
and the nitrous air produced by the felution Ihould be caught 
in a proper receiver, and decompofed by the gradual admlflioil 
of ccanmon air through water ; and the water, which thtis be- 
comes impr^nated with the acid of the nitrous air, fhould be 
added after the procefs to the water through which the dephlo- 
gifticated air has pa^^d. When the felution ceafes to give any 
more nitrous air, the point of the tube of the retort fhould be 
raifed out of the waJfer 5 otberwife, by the condenfation of the 

A a a a ' watery 
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watery aud acid vafjours which ^Uow, a partM exhuuflion w^i! 
take place, and the receiving water will rHc up into the retort 
and Break It, or at ieaft fpoil the experiment.’ A common re- 
ceiver, fuch as is u(M iu diftilling fpirit of nitre, ihould be 
applied, with a little water in it, to receive the acid fteara; and 
it Ihould be kept as cool as can conveniently be done, as thefe- 
fumes are very volatile. This receiver Ihould remain: as long 
as the fumes are colourlefs; but when they appear, in the 
neck of the retort, of a yellow colour, it is a mark that the 
mercurial nitre will immediately produce dephlogifticated air ; 
the receiver Ihould then be withdrawn, and an apparatus placed 
to receive the air. The reft of the procefs has been fufficiently 
explained in my former letter. 

The phlogifticated nitrous add, laturated by an alkali, will 
irot cryftallize; and, if expoled to evaporation, even in the 
heat of the air, will become alkaline again, which ftiews the 
tWeaknefs of its affinity with alkalies when diftblved in water * ; 
a‘ farther proof of which Is, that it is expelled from them by 
all the acids, even by vinegar (which faeft has been obferved 
by Mf. Scheele). I have obferved, that litmus is no teft of 
the faturation of this acid by alkalies ; for the infufion of lit- 
-naus added to fuch a mixture will turn red, when the liquor 
appears to be highly alkaline, by its turning the infufions of 
-violets, rofe leaves, and moft other red juices, green.' This 
does not proceed from the infufion of litmus being more fenfi- 
ble to the preleiice of acids than other tefts ; for I have lately 
difeovered a teft liquor (the preparation of which I mean to 
puWifti fbon) which is more fenfible to the prefence of acids 

• You have inibrraed ■'roe, that Mr, Cavendish has alfo obferved this feft : 
fod that he has mentioned it ifl a paper.iately read before the Royal Society | but X 

ch&tved the fa£t previous to knowledge of his paper. 

than 
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than litmus is ; but which turns green in the fame folution of 
phlogifticated nitre that turns litmus red. 

The unavoidable little accidents which have attended thefe 
experiments, and which tend to render their refults dubious, 
have prevented me from relying on them as full proofs of the 
pofitiort that no acid enters into the compofition of dephloglfti- 
cated air ; though they give great probability to the fuppofi- 
tion. I have, therefore, explained the whole of the hypothefis 
and experiments with the diffidence which ought to accompany 
every attempt to account for the phaenomena of nature on 
other principles than thofe which are commonly received by 
philofophers in general. And in purfuance of the fame mo- 
tives it is proper to mention, that the alkali employed to fatu- ' 
rate the phlogifticated nitrous acid, was always that of tartar 
which is partly mild ; and I have not examined whether highly 
phlogifticated nitrous acid can perfectly expel fixed air from an 
alkali, though I know no fa£t which proves the contrary. It 
Ihould alfo be examined, whether the fame quantity of real 
nitrbus acid is requifite to fatur^e a given quantity of alkali, 
when the acid is phlogifticated, as is ncceflary when it is de- 
^logifticated. 

As I am informed that you have done me the honour to com- 
municate my former letter on this fubjedl to the Royal Society, 

I (hall be obliged to you to do. me the lame favour in refped t»- 
the prefeat letter, if you judge that it merits it. 

I remain, See. 

. JAMES WATT. V 
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X 2 ^V|I. An Attempt to compare and conneB the Thermometer for 
frong Fire, deferibed in Vol. LXXII. of the Phi/o/ophicai 
Tran/aSiions, with the common Mercurial Ones<. By Mr. Jofiah 
Wedgwood, F. R. S. Potter to Her Majify, 


Read May 13, 1784. 

T his thermometer, which I had the lionour of laying 
before the Royal Society in May 1782, has now been 
found, from extenfive experience, both in my manUfat^lories 
and experimental enquiries, to anlwer the expectations I had 
'Conceived of it as a raeafure of all degrees of common fire 
above ignition : but at prefent it Hands in a detached Hate, not 
connected with any other, as it does not begin to take place till 
the heat is too great to be meafiired or fupported by mercurial 
cues. 

What is now therefore wanting, tq give us dear ideas trf 
the value of its degrees, is, to conne<H: it with one which long 
ule has rendered familiar to us ; {o that if the fcale of the 
common thermometer be continued indefinitely upwards as a 
Haudard, the <hvifions of mine may be reduced to that fcale^ 
and we may thus have the whole range of the degrees of heat 
brought into one uniform feries, exprefled in one language, and 
comparable in mery part, from the loweft that have hitherto 
been produced hy artificial freezing mixtures, up to the 
liigheft that can be obtained in our furnaces, or that the mate- 
chds of our furnaces and can fupport. 


The 
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The hdfie of attaining this defirabie and important chje(9: 
gave rife to the experiments which I have now the hononr of 
communicating. How far I may have fucoeeded, or whether 
the means employed wer^ adequate to the end propofed, is, 
with all deference, fubmitted to-this ilkiftrious Society^ 

This attempt is founded upon the conftru< 3 :ion and applica- 
tion of an intermediate meafure, which takes in both the heats 
that are meafurable by the mercurial thermometer, and a fuffi- 
cient number of thofe that come within the province of mine 
to conneft the two together; the manner of doing which will 
be apparent from the three firfl: figures (tab. XIV,) ; wherein F 
reprefents Fahrekheit*^ thermometer, with a continuation of 
the fcale ; W my thermometer ; and M' the intermediate mea- 
fure divided into any number of equal parts at pleafiire. 

For if the heat of boiling Water, or ziz degrees of Fah- 
renheit, be communicated to M, and its meafure upon M 
marked, as at ^ ; and if the heat of boiling mercury, or 600® 
of Fahrenheit, be alfo communicated to M, and marked 
as at ^ ; it is plain, that the number of degrees upon M be- 
tAveen a and i will be equal to the interval between 212 and 
600, that is, to 388® upon Fahrenheit. 

In like manner, upon expofing M to two different heats 
above ignition along with my thermometer pieces, if a certain 
degree of my fcale be found to correlpond with the point 
and another degree of mine with the point c ; then the inter- 
val between thofe two degrees upon mine muft be equal to the 
interval dc\ and how many of Fahrenheit’s that interval is 
equivalent to Will be known from the preceding comparifon. 
Thus we can find'the number of Fahrenheit’s degrees con- 
tained in any given extent of mine, and the degree of FaH- 
EEnheit’s with, which a point of mino coincides;; 
' whence- 
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whence ettlier fcak is e9My redhcUile *© iliis other throtigh 
their whdle range, whether we fuppofe FsAHRewheit’s cotjti- 
iiHPdl upwards, or mine downwards. * 

Mw obtaining the intermediate thermometer different means 
were thought of ; but the only principle which, upon attenfave 
conlideration, afferded any profpeA of fuccefs, was the expan- 
fion of metals. This therefore was adopted, and among dife 
ferent methods of meafuring that expanfion, which either oc- 
€urrcd to myfelf, or which I can find to have been pra<fiifed by 
others, there is no one which promifes either fo great accuracy, 
or convenience in ufe, as a gage like that 5 y which the ther- 
mometer pieces arc meafured : the utility of this gage had now 
been confirn^d to me by experience, and the machines and 
long rods, which have been employed for meafuring expanfions 
ott other occafions, were abfolutely inadmilSible here, on ac- 
count of the infuperable difficulftes of performing nice opera- 
tions of this kind in a red heat, and of communicating a per- 
fectly equal heat through any confiderable extent. 

To give a clearer idea of this fpecies of gage, which, fim- 
|j|e as it is, I am informed has been mlfuiiderftood by fome of 
the readers of my former paper, a reprelentation of one ufed 
on the prefent occafion is annexed in fig. 4. where ABCD is a 
fhaooth flat plate ; and EF and GH two rulers or flat pieces, a 
quarter of an inch thick, fixed flat upon the plate, with the 
fides that are towards one another made per/edtly true, a little 
further albnder at one end EG than at the other end FH ; thus 
4 ;hey include between them a long converging canal, which is 
dil4ded on one fide into a number of fmall equal parts, and 
-which may beconfidered as performing the oflBces both of the 
tube and fcale of the common thermometer. It is obvious, 
HksX if a body, fo adjufled a# to fit exadty at the wider end of 

this 



ih flhi mBm i t er 4n^1rl#«NWMNN tmkuri^ met. jtft 
tU» ««qi 4» ila» iJ^wands iSmbi^ed ia its buik I7 
tki ikiMmomstfii? pieces «i«^ it will then psfs fiiither iu the 
aj|d mPm and mone & acoordiiig ss the itoinurbn is 
gfrn^f • snd converfeif, that if a body,, fo a^uibd as to pafs 
on (0 the narfow endy be afterwards expanded by lire, as is the 
cafe with metals, and applied in that expanded l^ate tio the fcalc, 
^ will not pafs fo far ; and that the diyiiions on the 'fide will be 
the meafures of the expanfions of the one, as of the coatrac* 
tions of the other, reckooiing in both cafes from that point to 
which the body was adjulled at firft. 

I is the body whofe alteration of bulk is thus to be mca- 
fured, which, in the prefent inftance, b a piece of line filver : 
tins is to be gently pnihed or (lid along, towards the end 
till it is ft<^ped by the converging fidcs of the canal. 

K is a little vefB lomiBd in the gage for this particalaf feiies 
of experitnents, the uie of which wiU appear herealten 
^ Theicse/r^i^fMi, which the thermometer pieces reeetvefrmn fire, 
is a pecmapentefiefly not vatiabie by an abatement of ihe heat, 
and winch accordingly is meafuced oommodioufly and afckifure, 
when the pieces are grown cold. But the txpanfim of bodies is 
(^IjF ^x^aporary, continuing no longo: diaa the heat does that 
Pfoduc#d it; a»d therefore ifisquasttuyv a* aby paetkaJar de- 
gree of he»t, molt be mmfiived in thenaotaesit While that heat 
fubfiifts. Atid fourther, if the heated piece was applied to the 
<?dd^gs^ge, idfce would be depeiw^of « part of it# hmt on 
the fi^piMitai^s and as the gagp eoeeiireatfoine degree of expam* 
fion Horn boat m weU a« the |aec% it « plain that in tfeit cafo 
the piece would he dmainiiM^ iw its bi^, aiad the ei|% 
la^^, btfoiwilfo'BiuaifureiiieRto6« Itiathpr^^* 

liei^^ 5 »rf that bolh of them be heatcdiloan e*afl;equ#l%.it 
iu ^,0a|o wt tm nol.indeeilt'the 
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^Ivr, liat'the of tho 4»panfiba*«if 
cdieri iMitch isfaffieleat for the pedent ptirfofo, «e«« lraat 
otilf mi uniform and graduated elS^ of fim, and it ta t^ljr 
ifeist^aterial whether that e^£t be theabfolnte mpanifon of oaet 
dV;ldie other body, or the didermce of the tnroi ptwided onljr 
that its qumiit^ be fuiSicieot to admk of nice meafotemont. 

^ Some difficulties occurred with re%ef£ ro the 4tha^e of a 
pfioper matter for the gage ; the edental cequifitea of which 
^are, to have but little expaniibrlity, and to bear the neeeffiiry 
fires without injury. Alt the metals* except gold and lilvcr, 
would calcine in the fire : fhofo tuto are indeed free from that 
objeflion* and accordingly it is of the moll expanfible of them- 
that tho piece is made ; but if the gage alfo was made of the 
iame, the meafure itfelf wotdd expand juft as much as the body 
00 be roeaftired* and no exponfimi at all would be fenfible r and 
though the g^e was xnsule qf one of thofo' metak* apd the- 
|WBCe of the other* the difierence between their expapfiona 
Wo4>ld be too ftndl to give any fittisfodory refults* as more* 
tkan two>thirds of the real expaniiou of either wotdd be 
loft or taken off by the othes. 

thefo reafons I had xecourfe to earthy compofidona* 
wl^h^ettpund by heat much lefs than metallic bodies* and bear' 
^ fieceffiny degrees of. fire’ without the leaft injury. 1 made* 
dbrnoe'dr fobacoo^ipe clay, mix^ with chamxd ihfine pow- 
der* hi'the ptoportion of three parts of the dbarcoal to fiyo of 
tifo dhty % a free accefs of air* hi the burning by' 

wlikh fo prepatrcd for ide, ihe dmcoal is canfamedi' 

apQtthiiavea ihe'elty/oittYanelyil^bt and pmmis ; ftom Which' 
drcund^kxu^ h be^ sdtemationsof vuidiand 
INNpiifite i» |he&'PIK much better ^ait the clay ah^ 

and isote lip{>(»tani; ioptive.finr the idb of 

■■ ' ■' , .V: < 


Ks th mrm^fmes, j6| 

tbftt vtn otra^uftiice olf l^« reijoatrktble porofity whidb.itf 
jproduces m the clay, it wcaild probably dimioifli the expand* 
biUty, by occadoning the tnafa to contiun, under an equal fur- 
&oe, a much lefs quantity of ddid or expandble matter. It 
may beobjeded to this idea, that the expanders of metals, 
in Mr. Ellicott’s ♦ and Mr. Smbatok^s + expenoKnts, do 
iiot appear to have any connedilon at all with their dendties : 
but the cafes are by no means parallel ; for there the compan- 
ion lies between different fpecies of matter ; but here, between 
one and the fame matter in different ftates of Compa^tnefs. If 
a metal could be treated as clay is in this inftance, that is, if a 
large bulk of any foreign matter could be blended with it, and 
this matter afterwards burnt out, fo as to leave the metallic par- 
ticles at the fame diftances to which they had been feparated by 
the mixture of it, we may prefume that the metal thus enlarged 
would not expand fo much as an equal voluim of the folid 
mctaL Such at leaft were the ideas which determined my 
choice to a compodtion of clay and charcoal powder ; and be- 
ing afterwards dedrous of fatisfying myfelf whether they had 
any foundation in I have, dnee the experiments were 
made, prepared fome pieces of day with and without charcoal, 
and having burnt them in the fame dre, I ground them at the 
ddes, to make them bofth dt exa6iy to the fome dividon neat 
the narrow end of the gpge ; then, examming their expandons 
by equal heats, 1 found the ^ece with charcoal to expand only 
ooe-third part ib much as that wkfaout ; atul thus was fully 
fotkded with the conqx^tion of ftie gageu 

To alcertain a dxed point on the foale for the dividont to ho . 
counted from, the diver piece and gage were laid tt^ether for. 

• ?hil. Tranfaa. vol. XLVU. p. 485. 

t«toi.votXLym.p.6ia. 
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feme itt fj)rtng watisr, «f thte tafl*p«ite^irf 5»'* «f Fm* 
ntHHAiT : the point which the jiiece went’ttt'in thb ootd'ftal* 
is hiarked o near the ttafj*oW «nd of the gage. The ad*^ 
j^mfeht is re-examined at the beginiiitlg and <a»i of every ftwrf 
c^kig experiment, left the itpeated attrition, in ftiding th« 
|>tece backwards and forwards, ftiould wear off fo much Ffotti 
the furface of this foft metal as to occafion an error in the ifti*' 
Cute quantities here meafured. < 

The apparatus is tlien expofed fucceffively to difierent degrees* 
of hear, with the piece lying always in a part of the canal at 
kaft as wide as it is expe<fted to fill when expanded, otherw/fe 
the fides of tlie gage would be bfurft afuhder by its expanfion, 
as I experienced in fome of my hrft trials. When the whok 
ha4 received any particular degree of heat ddfired, the piece is 
cautioufly and eqiuabiy pufoed along, till it is ftopped by -the 
t^vergency of the fides, of which I ^hvays' find notice given 
me by the gage itfelf (which is fraall and light) beginning to 
npori the oofttinaance of the impadfe. A flat flip of iron, 
a little narrower than the piece, bent down to a r^t^angle at 
mfoend, and fixed in a long handle at the other, makes a con- 
vtHkiii mftrumcntfor pufhing fhe piece forward, or drawing it 
l^khgain, whtlft red-hot : this mftruraent, at «veiy time of 
nftnj^, k heated to theTatoe degree ds the piece itfelfi ' 

The haat of boiling water is taken without ' diffiontef, by 


keepittg the apparatus in boiling u^er itflslf diking a 
fpace of time ter the Ml heat *tot bacommiii»ksat«dito if. The 
xvater I made ufe of was a vary firac fprmg water, which ott 
chemical trials ap^atsd very nearly equal in parity to that Ibf 
rain or feow; and I had prevteufly tetisfied by trisdii®' 

the cold, that the gage and piece being wet, or under water, 
made no difference in the meafurement. The expanfion oftiw 
*•/:, .. o j . lilvcr 


at 



Mi ktiS^ 

iaceeafe of tlie heat fr&tn "p* 
fo »f A% of a fieriod petnfaiaing 1^62^ of Fi^smsitHBiT, wa# 
joH 8°* of the! gage or intemicxl»itB theitooineter M; whence 
one of theie d^eesy accordiiog to thii expapfoeot, contains 
juft 20^4 of FAJHAEMBEit’Si The operation was Hiaoy times 
fepea^d^ Slid the refait was always precil^f the 

For the boilii^ heat of mercury, it Was fteceftt^y to proceed 
in a different manner ; not to convey the heal ftdna the mer- 
cury to the inftrumicnt, but to ojnvey it equally to them both 
from another body. 1 made a fmali veftel fOr hoidinglho mer- 
cury in the gs^ hfelf, ften at K fig. 4. ahd ftiore dlftihfitly in 
fig. 5. -which is a tramfverfe ftfHon of tho ga^ thtou^ this 
vefieL The plate CD, which forms the hotfoill of theianal, 
ferves alfo for the bottom of the vefihl, which is fifu2Eed dole 
to the iide of the csanal, and as near as could be to that part of 
it, in which both the filver piece, and the divifions required 
for this particular efxperiment', are contained# By this armnge- 
ment it is prefumed, that all the parts concerned in the opera- 
tion will receive very nearly an equal heat# . 

The gage, with fomemercuty in-the velTel,- was laid upon a 
fipopth and level bed of fand, on the bottom of an iron muffle 
open at one end ; the fire increased very gradually till the 
mettuiy boiled, arid then continued ftea^, fo as juft to keep 
it boi^g, for a cohfiderahletime# Theboifing beat of mercury 
was thnafomwil to be 27”! of thi intermediate thermometer, 
wbldh smfwoniig to an - interval bf 550^ of Fahrenheit, 
makes one df^i;i!eo of this equal ;eo Jvffl 20° of his; a refoltcor- 
refpdadit^ evson beyond my ^XpeSations with that which 
l»>ilhlg watta; had given#' ' ■ - 
' Thefe ftandinid' heats of FaHebiIheit^s thermometer drbdb- 
taim;d wi& hiRle diffictdty on a common firO } but 4 t is for 

otherwile 



4 ^ 0 ^ all <i^;|>recautions 1 ooulii a dole SAiffle, 

furrpn^ii^kig it as equally as fxi^SMs ivatlMhe lbely vaiyhig its 


|)Ol|tiou with to the draught of air, 4b;. proved inlul^ 

for fecurtng the neceilary equality of heat even through 
the fmall Ipace concerned la thefe experiments. Nor had 1 
<}ny idea, belixre the difcoveiy of this thermometer, of the 
e:ittreme d^culty, not to lay impradicability, of obtaining, 
in common £re$» or in common furnaces, an unifcnm • heat 
through the extent even of a few inches. Incredible as this 
may appe^ar at firft %ht, whoever will fellow me in theopcra- 
tions I have gone through, placing accurate meafures of the 
heat in different parts of one and the fame vefTel, will foon be 
convinced of its truth, and that he can no otherwife exped to 
communicate with certainty an equal heat to dllFerent pieces, 
than by ufing a hre of fuch magnitude as to exceed perhaps 
feme hundreds of times the bulk of the matters required to be 


h^ed. 

To fuch large body -of fire, therefore, after many feuklefe 
^temipts in fmall furnaces, not a little difcouraguig by the 
ir^lgulasity of their cefults, 1 at length had recourle, fitting up 
for this purpOie an iron oven, uled for the buming-on of ena^. 
i|^l colours upon earthen wiare, about four feet long, by two 
apd.a half wide, and three feet high, which is heated by the 
flame of wood condu^d all found it. An iron muflBb, feur 
inches wide, tWo. inches and three quarters high, and ten 
inches \lc«^ COhtaming the gtgOiand piece,, was phw&d in the 
middle of this oven, and the vacancy between them filled up 
with earthen ware, to increafe the quantity of ignited matter, 
and thereby •oamm'unicate the heat more equably from the 
oven to the mulSe* iln fech a licuaficmi(tf th«jxuiflle,^fe^ 

■ ■ -center 



its own'caj^-' 

i^^it^caxM nor well lim bf klajs pmty uniformly, at 
kii# the fmall fpaee whhcit egqieritnents re- 

quited; nor have I found any reaiba tofti!^)edl that it was not fo. 

ga^ being laid fiat upem the bottoid 'of the muffle, with 
the fflver pece m the canal as before, feme of the clay thet- 
mometier pieces were fet on end upoo the- filrer piece, with 
tiuttend of each downwards which is marked to go foremoll: in 
meafuraigit; that is, they were in contad: wdth the iilver in 
that part of their furftice by which their meafure is afierwards 
afcertained. I was led to this precaution by an experiment I 
had made upon another occadon, in which a numher of ther- 
mometer pieces having been fet upright upon an earthen-ware 
pbte, ever a fmall fite, till the plate became red-hot, aH the 
jneces were found diminiihed, fome of them more than two 
degrees, at the lower ends which refted upon the plate, wbtlft 
the upper ends wete as much enlarged, not having yet palled the 
ilage of extenfion which, as obforved in the former paper, al- 
ways precedes the thermometric diminution : thus we foe how 
pundually every part of the piece obeys the heat that a£ls upon it. 

The lire about the oven was fiowly kicreafod for Ibme hours, 
and kept as even and fieady as pofflUe, by an ^experienced fire- 
man, under my own infpe£lion« Upon opening a fmall door, 
which had been made for introducing the apparatus, and look- 
ing in from time to time, k was obfor^ed, that the muffle^ 
with the adjacent parts of the oven and ware, acquired a vUiblo 
rednefsas^ fame time ; and in^the pre^refs of the operation, 
the eye could not difiinguilh the leafo difiimikrity iu the afpe^' 
of the diffl^rent^rti ; whereas in fmall fires, the difforence not 
only; between tl^ two ends rk* the mufflo, but in much lefo 
diliances, is fuch as to fo^e the eye at oaee» , • * 

When 


rnppM imhiMpcmit 

jfu^ ,if wje fifiiy psfwms>^, my pbimmm* 

it W!^#r»wo formed, tgm^ ^ dopr «f ^ oiwn ti Jfi4iil» 
o^ 4por bpi^g 'tt^ »ptdi)ij? 0{|«»>e4 i)y ^ I fHunor 

puftfd 4e ^lyer pi^e % as it wopld 0 . iut «f the 

whipl^ it, w€ot tq oopld not be diftipguiUied m tbat 
igpited ilste, thpi muffle lifted out, bytOffHOilof fn wm 
rpd paffed through mq nag# made for that f>tir|K»f«, wkh QMi 
tp keep it fteady, and avoid apy fflake that might eftdangoPj^ 
difplacing of the filvari>ie?ef . 

I When growp )3ol4 *0 be examined, I ftotttd the 

degree of nxpaufio»0 which the fiiver piepe lipod at, and the 
dfgree of hmt fflewp bj th# rtheraaometer pieces meeiiured in 
thf jr own gage j then retnutod the whol? into 4he oven as fae- 
%re, and fcppatfd th? operaSm with a ftrongcr heat, to obtain 
aftptbec point of cors;^>^d^ne on the twn lhalcs, 

,The tirft was i|t aH qf my th«r0|0»»eter, whbjh countidsd 
wi|h 66° of thfr intettneidiate one ; and a? «a»h irf thefe 
hiS been before fovjnd to cftntam »o of FA»»ftNiCBiT\ the 
66 w*W carot^ » t® which add 50, the degme of hie 
^ioh 0 of the intermediate therniometer wa« ad- 
jmSiad,' ^ the, fooa, will be the ifgm of F*mmr 
to my 

Thie ^d 4 f»^ of cpimid^Bcc was at 6°i of atimis, aad 
of *hf '«¥ilWa#ate; which oa Uing* a$iiid^ to <t)^ 
afefw pisopQt^o«i» eiiaioateftt to of FA^i^wawiT, add yo 

as befomto this wwnher, and my *6°i is fotmdiiO foil vpm Uhe 
i%oth degrde of.F4li»iW»»aiT. 

}t afiK^s fopiiii^nce, that an interml of >a inbe 

is upon hist «#$ro|neotly »*of 

mine to 130 degrecaaf km «o4that the 0 of mift oOrio^OOda 


hh ^ emmitk ftmtiirml wet^ ^ 

to hi* t077®i, • Several cfther tml« t^ere made, which gave re* 
fults ib nearly alike, that f have little ^whenhon of any 
material error. 

From thele data it is ealy to reduce either fcale to the other 
through their whole range ; and from loch teduftion it will 
appear, that an interval of near 480* remains betwwen them, 
which the intcmiediate thermometer ferves as a meafure for j* 
that mine includes an extent of about 32000 of FAtmENHsir’s 
degrees, or about 54 times as much as that between the freez- 
ing and boiling points of mercury, by which mercurial ones 
are naturally limited ; that if the fcale of mine be produced 
downwards, in the fame manner as we have fuppofed Fah- 
renheit’s to be produced upwards, for an ideal frandard, the 
freezing point of water would fall nearly on 8® below o of 
mine, and the freezing point of mercury a little below ; 
and that, therefore, of the extent of now meafurable heat, 
there are about T^ths of a degree of my fcale from the freez- 
ing of mercury to the freezing of water ; 8* from the freezing 
of water to full ignition; and 160® above this to the higheft 
degree I have hitherto attained. 

As we are now enabled to compare not only the higher de- 
grees among themfelves, and the lower among themlelvcs, 
upon their refpedtive fcales, but likewiie the higher and lower 
Mwth each other in every frage, it may be proper to take a ge- 
neral view of the whole range of meafurable heat, as exprefl'ed 
both in Fahrenheit’s denominations and in mine; and fot 
this purpole I have drawi^ up a little table of a few of the prin- 
cipal points that have been afeettained, to (hew their mutual 
relatioDs or proportions to each other; any otjier points that 
have been, or hereafter may be, obferved, by thefe or any 
Other known thermometers, may be inferted at pleafure, 
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TAHt. 

WffBNk. 

Extreveuty of the foalc of my thetmotnetfflr jttjf 240* 

Greateft heat of my fmall air-fornace 

- 21877 

ifio 

Caft iron melts - - • - 

mil 

130 

Greateft beat of a common fmith’s forge 


ti-S 

VV'elding heat of iron, gmateft 

* 34*7 

95 

leaft 

i »777 

99 . 

Fine gold melts - . . 

SH7 

3a 

Fine filver melts - , . 

4717 

7% 

Swedilh copper melts » 

45S7 

27 

Brafs melts - - 

3807 

2t 

Heat by which my enancdi colours are burnt on 1857 

d 

Red- heat fully vifible in day-light 

1077 

0 

Red-heat fully vifible in the dark 

947 

f 

hilercury boils - . - 

6.0 

-5 « 7 1 

3 ria c TT 

Water bc^s - • - 

212 

6 ® ® 

Vital heat ... 

97 

47 J 4 a 

Water foeeies - . - 

32 


Proof fpirit freezes 

- 0 

g a 8 ss 

The point at which mercury congeals,' 



tjonfisqueutly the limit of mercurial | 

> about 40 

8 

. thermometers, - ' - J 




*To afGft our conceptions of t?hls fubjeft, it may be proper to 
view it in another light, and endeavour to prefent it to the 
^e ; for numhers^ on a high fcale, are with d^culty 'eftimated 
and compared by the mind. I have therefore completed the 
fcaies of which a part is rcprefonted in fig. i. and 3. by conti- 
nuing the fame equal divifions, both upwards and downwards, 
as far as the Ufmoft limits of heat that have hirilerto been 
attained arid mcafured"*. 

* Mr. WaoGwooD prefeat^ thtt, in tbc foha of a reiy lonj roll, to the Society. 
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kis Xkr^fi0fkr wU^$^e pt 

Ijl, a fca^e of heat drawn wp, M thw manner, the compara- 
tive extents , (^f the different dejxirttnents of this grand and 
univerfal agent are rendered confplcuous at a fingle glance of 
the eye. We fee at once, for inilance, how fraall a portion 
.of it is concerned in animal and vegetable life, and in the 
ordinary operations of nature. From freezing to vital heat is 
barely a five-hundredth part of the fcale } a (Quantity fo incoiifi- 
derable, relatively to the whole, that in the higher ftages of 
ignition, ten times as much might be added or taken away, 
.without the leaft difference being difcernihle in any of the 
appearances from which the Intenfity of fire has hitherto beep 
judged of. From hence, at the fame time, we may be con- 
vinced of the utility and importance pf a phyfical meafure for 
thefe higher degrees of heat, and the utter infufficiency of the 
common means of diferiminating and eftimating their force. 1 
have too often found differences, aftonifhing when confidered 
as a part of this fcale, in the heats of my own kilns and ovens, 
without being perceivable by the vrorkmen at the time, or till 
the ware was taken out of the kiln. 


SINCE the foregoing eljtperiments were made, lhavefeen 
a Very ^durlotfs Memoir byMeflfi Lavoisier and De la PiAci, 
containing a method of meafuring heat by the quantity of ice 
which the heated body is capabfe of liquefying. The applica- 
tion of this important difeovery, as 'an iiitermediate ffaudard 
ineafure hetween FAflUENHEiT’s thermometer and mine, could 
Hot efcape me, aind I immediately fet itbout preparing an app^- 
^tus, fmd making the «tpefiraents neceflary for that Jmf- 

C c c a pofe } 



pofe ; ill ho|>e& either of attaining by this method a greater de- 
gree of accuracy than I could expeft from any other means, or 
of haVnig what 1 had already done cohftrmed by a' feries of 
experiments upon a different principle. 

' Blit in the profccution of thefe experiments I have, to my 
great mortification, hitherto failed of fuccefs; and 1 fhouM 
have contented myfelf for the prefent with faying little more 
.than this, if fome phaenomena had not occurred, which appear 
to me not Unworthy of farther inveftigatlon. 

The authors obferve, that if ice, cooled to whatever degree 
lielow the freezing point, be expofed to a warmer atmofphdre, 
it will be brought up to the freezing point through its whole 
mafs before any part of its furface begins to liquefy ; and that 
confequently ice, beginning to melt on the furface, will be 
always exactly of the fame temperature, viz. at the freezing 
■jpoint ; and that if a heated body be incloled in a hollow fphere 
of fuch ice, the whole of its heat will be taken up in lique- 
fying the ice'; (b that if the ice be deferrded from external 
warmth, by furroundtng it with other ice in a feparate veflfel, 
the weight of the water produced from it will be exa(3:ly pro- 
portional to the heat which the heated body has lofl ; or, in 
.other words, will be a true phyfical meafure of the heat. 

For applying thefe principles in pradice, they employ a tia 
veffel, divided, by upright concentric partitions, into three 
compartments, one within aao^r. The iunermoft compart- 
ment is a wire cage, for receiving the heated body. The fecond, 
furroundmg this cage, is filled with pounded ac<^ to be melted 
by the heat ; af dtheoutermoft is filled alfb n;icb pounded ice, to 
defend the former feom.the warmth of the atptoiphere. The 
hrft of tlicieice compiutments terminates at. bottom in a fleif 
li^e a funnel, through which the water is conveyed oflT; and 
the other ke compartment terminates in a feparate canal, for 
^ difehargiug 



£&harg^g file ! w»ter iuto whicli liM iCe is r^uced. As 
as tha heaised body » dro|^>ed into thci cage; a cover is put on, 
which goes over both that and the firft tee compartment; 
which cover is itfeif a kind of (hallow veflel, fflled with 
poanded.ice, with holes in the bottom for permitting the water 
from this ice to pafs into the fecond compartment* all the 
liquefaction that happens here* as well as there* being the 
eficQ: of the heated body only. Over the wlude is placed ano- 
ther cover with pounded ice, as a defence frbm external 
warmth. 

As foon as this difeovery came to my knowledge* mi the 23d 
of February, a thaw having begun three days before, after a 
froft which had continued with very little intermiilion from 
the 24th of December, I coUeCled a quantity of ice, and ftored 
it Up in a large cafk in a cellar. 

I thought it neceflary to fatkfy myfelf in the firft place* by 
aClual experiment, that ice, how cold foever it may be, comes 
up to the freezing point through its whole mafs before it be- 
gins to liquefy on the fur face. For this purpofe I cooled a large 
fragment of ice, by a freezing mixture, to 1 7*^ of Faheek^ 
kbit’s thermometer, and then hung it up in a room whole 
temperature was 50^ When it began to drop, it was broken* 
and fome of the internal part nimbly pounded and applied to 
the bulb of a thermometer that was cooled by a freezing mix- 
ture below 30®. The thermometer rofeto, and continued at* 
32® ; being then taken out, and raifed by warmth to 40% fomo 
more of ^he fame ice* applied as before to the bulb^ ftink it 
again to 32®; fb thatnq doubt could remain on this fubjeO;. 

Apprehenfivc that poun < edice*direded by the authors, mig^ 
imbibe and retain more or lefs of the water by capillary attradkai* 
according to circumftanpes, and thereby occafion fome error in 
the refults, I thought it neceflary to fatisfy myfelf in this refped 
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ia a cpnkal heap oa pUfei aad havb|^a| hand Coax wat^, 
c^lou^fid with cochiiwal, I |xiured it geatljr itito the plate, ft 
iepae diihnce h^>m the heap i as ibaa as it came^ia coatad with 
the ice, |t role haihly up to the top i aod m Tiitiiig Hp the 
hunp, I fbua4 that it held the water, fv takep up, as a fpoage 
does, and did npt drop any part of it till the heat of my hand, 
as, I iuppofe, begpn to liquefy the tpafs. Op further trials 1 
fopnd, that in poonded ice preyed into a eoaical heap, the 
coloured water rofe, in the Ipacc of three minutes, to the 
height of two inches aivd a half ; and by weighing the water 
employed, and what remaned upon the plate unabforbed, it 
appeared, that four ounces of ice had thus taken up, and re* 
tained, one ounce of water. , 

To further afeertain this abforbipg power, in different cir- 
e^mibinces, luore, analogous tp thofe of the procefs itfeU, 1 
jirefled fix ounces of pounded pretty hard into the funnel, 
having firflj introduced a woodpn^Qore iu ordef to leave a proper 
^4fy bthti midd|e; then, taking out the core, and pouring 
aHjOunce of water upon the ice, I left tlie whole for half an 
hpur; at the end of, which time the quantity that rap was 
pply t ^ peuuy wetghia and 4 grains, io that the iqe had retaifted 

pennyweights and 20 graln?^ which is pearly one-tyrclfUi of 
its pwn weight, and two-iifths of the weight of the w»ter. 

Thefe previops trials determined me, infhraS of ufiug pQupded 
ice* to hll 3 pre^r veflel wph a fblid maff pf ipe, by tt»ao8 of 
f freetsingmiixtpfe, as the froff was now apd then expofe 

it to the atnK^h^^etill the furface began to lirjuefy. Tb* ap’ 
paratus I fitted qp ,fbr this purpofe was made of earthen ware 
well glared, aiod ia cepcefenh^ia %. 6. I^tah. XV.). 
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A« is « krge :^nnel, filled Wth a £»iid oiafs of ice. B«a 
QSivitjrm tl»e aniddle of this ice, forroea), ^sutvi the way, by 
ien^iiig wkh a knife, asul for the remaining: part, 1:^ boring* 
with a hot iron wire. C, one of my, iiieni»Mneter pieces^ 
whifcii ferves for the heated body;, and rcAss wpcm a, coil of bnafs 
wiles it had previoufly been burnt with ftrot^jSre, that there 
mi^t be sao danger of its fufFering any further diminution of 
its bulk by being heated s^ain for thcfc e 3 C|)erane»t 8 . D, a 
cork ftopper in the orifice of the funnel. E, rftc exterior veflel, 
having tlie fpacc betw-ecn its Cdes and the ancluded funnel A, 
filled with pounded ice, as a defence to the, ice in the funnel. 
F, a cover for this exterior veflel, filkd with fkounded ice for the 
fame purpofe. G, a cover for the funnel, filled jaifo witli 
pounds! ioc, with perforations In the bottom for allowing the 
water from this ice to pafs down into the fuiuaeL 

The thermometer piece was heated in boiling water, taken 
up with a pair , of finall tongs equally heated, dropped in* 
ftantly into the cavity fi, and the covers -put on as expedtrioully 
as poffible ; the bottom of the funnel being previously corked, 
that the water might be detained till k ihnuld part with all 
ks heat, and likewife to prevent the water fijom the other ice, 
which sran down on the outfidei^ the fonad, from mingling 
wkh it. 

After ftanding •about ten rmuutes, the funnel was taken out* 
wiped dry, and uncorked over a weighed cup: the water that 
tan out wdghed 22 grains. Thinking this quauftty too ftnall* 
as the fieefc Hvdghed 71 grains, i repeated the experimeat, and 
kept the ^ece longer in the funnel } but the water tkk ikm 
weighed tmly la grains. Being much diflatisfied wkh thi» 
fofuit, f made a third trial, oontfoumg the piece much; Itmger 
in fhe avity 5 but the^oaoti^ of water was now Aihilefs, not 
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amounmig t» quite three drops ; and, to my great furpnfe, t 
found die piece trozen to the ice, fo as not to he eafily got ofl^ 
diough all the ice enfployed was, at foie be^mfoig of the expe- 
rindent, in a thawing date. - 

I had prepared the apparatus for taking the boUing heat of 
tnntouij ; but bang entirely difoouraged by thefe very unequal 
ivfults, 1 gave that up, for the prefent atl^, and heating 
foe piece to 6® of my thermometer, turned it nimbly out of 
the cafe in which it w'as heated into t)he cavi^, ' fo'romng 
ibme fragments of ice over it. In about half an hour, I drewi 
off foe water, which amounted to ii pennyweights; then, 
flopping the fonnd again, and replacing the covers, I left the 
whole about feven hours. 

At foe end of that time, I found a coniiderable quantity of 
water in the funnel : the melting of the ice had produced a 
cavity between it and the fides, great part of the way down, 
which, as well as that in the middle, .was nearly folL The 
water neverthelefs ran out fo (lowly, that 1 apprehended ibme- 
thiiig had flopped the narrow end of the funnel, but the true. 
cxaCt became aflervtrards apparent upon examining the ftate of 
the ice.’ The fragments which I had thrown over thethermo- 
rndMU* piece were frozen entirely tcgether, and in fuch a form as 
they could not have aflumed without frefh water fuperadded and 
dozen upon them, for the cavities between them were partly 
fllled with ndw ice. 1 endeavoured to take the ice, out with 
my fingers, hut in vain ; and it was wifo fome difficulty 1 
ootild force it afuiider even with a potutc^'knifo, to get at the. 
thermometer When that was got mtf gieat part of 

the oiilidd wire wis found envebped in new to;. The paffige 
through the icc to. the^ flem o£ the funndl, ufokh 1 had made 
pwetty wide wifo a foidk iron wire red-1^ Wae .fo nearly 4ofo4 
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up, dbat the flow draining ofF of the water was now fufficiently 
accounted for, and indeed this draining was the only apparent 
mart pf any paflage at all. On taking the ice out of the fun- 
nel, and breaking it to exatnine this canal, 1 found it altnofl 
entirely filled up with ice projeding from thefolid mafs in cry- 
flalline forms, fimilar in appearance to the cryftals we often 
meet with in the cavities of flints and quarzofe flones. 

If, after all thefe circumflances, any doubt could have re- 
mained of the ice^in queftion being a new production, a faCt 
which I now obferved muft have removed all fufpicion. 1 
/ound a coating of ice, of confiderable extent and perfectly 
tranfparent, about a tenth of an inch in thicknefs, upon the 
outfide of the funnel, and on a part of it which was not in 
contact with the furrounding ice, for that was melted to the 
difiance ef an inch from it. 

Some of the ice beiqg fcraped off from the infide of the 
funnel, and applied to the bulb of the thermometer, the mer- 
cury funk from 50“ to 32°, and continued at that point till the 
ice was melted ; after which, the water being poured off, it 
rofc in a littfe time to 47°. 

Aftonifhed at thefe appearances, of the water freezing after 
it had been melted, though furrounded with ice in a melting 
flate, and in, an atmofphere about 50°, where no part of the 
apparatus or materials could be fuppofed to be lower than the 
freezing poiut» I fufpeCted at firfl: that fome of the fait of the 
freezing mixture might have got into the water, and that this, 
ip dlflidving, might perhaps abforbj, from the parts contiguous 
to it, a greater proportion of heat than the ice of pure water 
docs. But the water betrayed nothing faline to the tafte, aiu}^ 
1 had applied the freezing mixture with my own hands wjtth 
great care, to prevent any of it being mixed with ^he Vfater. 
Voju.LXXIV. Ddd To 
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To remove all doubts, however, upon tdns point, purpoTed 
repeating 'the experin^ent with fomc pieces of the ice I had 
flortd up /in the celLir, to fee if this would congeal, after 
tfiaiwing, in the fame manner. But going to fetch thcicp, j^iid 
examining it in the calk in which it was kept,. I was peirfedlj 
fatisfied with- tlie appearances I found there ; for, though much 
of it was melted, yet the fragments were frozen together, fo 
that it was with difficulty F could break or get out hty pieces 
of it with an Iron'fpade; and, when lb broKln, it had the ap- 
pearance of breccia marble or plum-pudding flone, for the 
fragments 4 iad b,een btoken and rammed iiito the calk with an 
iron mall. 

' A‘ porcelain cup being laid upon fome of this ice about half 
an hour, in a room whofe temperature was 50°, it was found 
pretty firmly adhering, and ,wben pulled offi, the ice exhibited 
an exnfl; Impreffion of tire fluted part of the cup which it had 
bepn in contafl with ; fo that the ice muif iiecefiarily have 
liquefied firft, and afterwards congealed agai'n. This was re- 
pealed leveral times, with the fame event. Fragments of the 
ice were likewife applied to one another, to Ipoiiges, to pieces 
of flatuiel and of linen cloth, both moiftand dry : all thefe, in 
a few* leconds, began to cohere, and in about a minute were 
frozen lb-' as to require fome force, to feparate them. Alter 
Handing an hour, the cohefion was fo firm, that on pulling 
away the fragmeuts of ice from the woollen and’ fponge, they 
tore off with them* that part of the furfacc which they were 
ill contact with, though at the fame time both the fponge and 
flannel were filled with water which that very Ice had pro-* 
duced. , 

To malce fome cHtrnate of the force of the congelatiou, 
which was ftrongcr on the two bodies laH mentioned than on 
5 , 
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lUien, I Applied a piece of ice to a piece of dry flannel which 
weighed two, penny weights and a half, and furrouhded them^ 
with other ice. After lying together tiiree quaiters of an 
hour, takingthe piece of ice in my hand and hocking the flan- 
nel to a fcale, I found a weight bf five ounces to he neceflary 
ibr pulling it off^ and yet fo much of the Ice had liquefied ,as 
to increafe the weight of the.flannel above 1 2 pennyweights, i 
then weighed the piece of ice, put them together again, and 
four hours after found them frozen fo firmly as to require jZ 
ounces for their fcparatloii, although, _ from 42 pennyweights 
of the ice, 15 more had melted off: the furface of contafl was 
at this time nearly a fquare inch. I continued them again toge- 
ther for I'evcn hours; but they now bore only 62 ounces, the 
ice being diminifhed to 14 pennyweights, and the furface of 
contaft reduced to about fix-tenths of a fquare inch. 

Having feeu before that pounded ice abforbs water in very 
confiderable quantity, I fufpeiSIcd that fomething of the fame 
-kind might take place even with entire raafles ; and experiment 
foon convinced me, that even apparently folid pieces of ice will 
imbibe water, flower or quicker accord'mg to its flrage of decay. 
I have repeatedly heated fome of ray thermometer pieces, and 
kid them upon ice, in which they xpade cavities of confidera- 
ble depth, but the water waS’ always abfbrbed, fbmetimes as 
faft as it was produced, leaving both the piece and the cavity 
'dry. 

Thus, thougli J cannot -fufficiently exprefs how much I ad- 
mire the >difcovery -that gave rife to thefe experiments, I haye. 
neverthelefs to lament my not being able to avail myfelf of it 
at prefent for the purperfe 1 wHhed to apply it to. ' 

That in my experiments tlie two feemiugly oppofite ptbeeflis 
•^.nature, congelation and liquefaftlon, went on together, at 
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the Jaine ini^ant, in the fame veflel, and even in the jfkme 
‘fragment of ice,' is't faft of which I have the iulleflf cVidteflce 
that |ny fehfes ca^i give me ; and f fhall take the liberty of fug- 
gefiing a few hints, which may tend perhaps to elucidate their 
aiad to Ihew that they are hot ib incompatible as atfirft 
l^ht they appear to be. 

It occurred tomcat firft, that "water highly attenuated and 
dSyided, as when reduced Into vapour, may freeze with a lefs 
decree of cold than water in its aggregate or grofler form ; 
hence hoar- froft is obferved upon grafs, trees, &c. at times 
when there is no appearance of ice upon water, and when the 
thermometer is above the freezing point*. Boeriiaave, I 
find, in his elaborate theory of fire, afiigns 33* as the freezing 
point of vapour, and even of water when divided only by being 
imbibed in a linen cloth. 

'* I am aware, that expcfirtictittt and ohfenrattona of tlik ki|id aic no* fully 
that the atmofphejre ia certain circumibncei, be much warmer or 
colder than the earth and waters^ which, in virtue their denfiry, arc far more 
retentive of the temperature they have once received, and lefs fufcepxiblc of 
tfanl^t impreffions ; that even infcniiblc undulations of water, from the ftighteft 
motiem of the air, by bringing up warmer furfaces from below, may prove a further 
iinptdimeot to the ircering ; and, therefore, that the degree of cold, which ia 
fu|Kcient td produce hoar^froU, maypoifibly, if continued long enough, be fufli* 
cient alfo to produce ice 1 am not acquainted with any fatisfa<f^ory experiments 
mr obfervations yet made upon the fubjeiEI ; nor do I advance the principle as a 
icertaiUf btit as a probable one, which opcuirred to me at the moment, which it 
ccuntenaaced by wfenerai obfervation, and confentaneous to many known faifls i, 
fot tliere are numerotis milattces bodies, in an extreme Ikate of divtfion^ 
yielding eaiily to ohofnacai agenti which, before fuch divifion, they emlrely ; 
thus Ibme precipitates, in the vety Atbtile date in which they are at firft extricated 
from their diiTolvents, are re-difiolved by other menftrua, whicly after their 
fpnerettoA into fenfible molecul«| have no af^ion upon them at aU» 
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‘liltrlKr,? ts tlie Btmofphere abouods with watery vapour, or 
water ami chemicaUy oombiued, and muft be parti* 

cttlarly loaded with it in the ndghbourhood of melting ice ; 
as the heated body introduce into the funnel muH; necell'arily 
convert a portion of the toe or water there into vapour ; and 
as ice is known to melt as foon as the heat begins to exceed 32°, 
or nearly one degree lower than the freezing point of vapour ; 
I think we may from hence deduce, pretty fatisfaftorily, all 
the phenomena I have obferved. For it naturally follows 
from thefe principles, that vapour may freeze where ice is 
melting ; that the vapour may congeal even upon the furface 
of the melting ice itfelf; and that the heat which (agreeably 
to the ingenious theory of Dr. Black) it emits in freezing, 
may contribute to the further liquefa^ion of that very ice upon 
which the new congelation is formed. 

I would further obferve, that the freezing of water is at- 
tended with plentiful evaporation in a dole as well as an 
open veflel, the vapour in the former condenfing into drops on 
the under fide of the cover, which either continue in the form 
of water, or ailume that of ice or a kind of fnow, according 
to circumftances * ; which evaporation may perhaps be attri- 
buted to the heat that was combined with the water, at this 
moment rapidly making its efcape, ^nd carrying part of the 
aqueous fluid off with it. We are hence furnilhed with a fre/h 
and continual fource of vapour as well as of heat ; fo that the 
procefles of liquefaffion and congelatkm may go on uninter- 
ruptedly together, and even needfiarily accompany one another, 
although, as the freezing muft be in an under proportion to the 
melting, the whole of the ipe muft ultimately be coui'umed. 

* See Mr. 6 aeom*« paper on tbit fubje£);, n tbe Memoires of the Academy 
of Sckncei at Paria for the year 1753. 
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In the remarkable inllaace of the co^ttiag of keon the qi^t- 
fide of the throat of the funnel, - there are fome other circum>. 
fiances which it may be proper to take notice of Neitlrer the 
cover of the outer veflel, nor the aperture in its bottom which ■ 
the Hem of the funnel pafied through, were air-tight, and the 
melting of the furrounding ice had left a vacancy of about an . 
inch round that part of the . funnel on which the cruft had 
formed. As there was, therefore, a paflage for air through the 
veflel, a circulation of it would probably take place ; the cold 
and denfe air in the vcffel would defeend into the rarer air of 
the room then about 50°, and be replaced by air from above. 
The effe£l of this circulation and fudden refrigeration of the 
air will be a condenfatiou of .part of the moillure it contains 
upon the bodies it is in contact with ; the throat of the funnel, 
being one of thofc bodies, muft receive its fhare.; and the de- 
gree of cold in which the .ice thaws being fuppofed fuffkient 
for the freezing of this molfl: vapour, the contad, condenCi-, 
tion, and freezing, .may happen at the fame inftant. 

The lame principles apply to every inftance of congelation 
that took place in thefe experiments ; and a recollcdion of par- 
ticulars which palled .under my own eye- convinces me, that 
the congelation was ftrongeft.in thofecircumftanpes where va- 
pour was moft abundant, and on thofe bodies which, from 
their natural or mechanic ftruHure, .were capacious of the 
greateft quantity of k; ftronger, for -inftance, on fponge 
than on woollen, ftronger on this than on the clofer texture of 
linen, and far ftronger -on all ihefe tlian on .thecompaft furface 
of porcelain. 

If, neverthelefs, the principle I have alTumed (that water 
-highly attenuated will congeal with a lefs degree of cold than 
water in the mafs) ftiould not be admitted ; another has above 
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ISeen hinted at, whichP experiments have decidedly eftahlilhed, 
from which the phaenornena may perhaps be equally accounted 
lor, and which, even though the other alio is received, muft 
be fuppolcd to concur for fome part of the efFe£l ; I mean, that 
evaporation producer cold ; both vapour and fleam canning off" 
fome proportion of heat from' the body which produces them. 
If, therefore, evaporation be made to take place upon the fur- 
face of ice, the contiguous ice will thereby be rendered colder ; 
and as it is already at the freezing point, the fmalleft increafe 
of cold will be fufficicnt for frelh congelation. It feems to be 
on this principle that the formation of ice is effedied in the 
Eaft Indies, by cxpoiing water to a ferene air, at the coldeft 
feafon of the year, in lhallow porous earthen veflels : part of 
the water tranludes through the veflel, and evaporating from 
the outfide, the remainder in the veflel becomes cold enough to • 
freeze; the warmth of* the earth being at the fame time in- 
tercepted by the velTels being placed upon bodies little difpofed 
to condudl heat *. If ice is thus producible in a climate where 
natural ice is never Teen, We need not wonder that congelation, 
fliould take place where the fame principle operates amidft 
atflual ice. 

It has been obferved above, that, the heat emitted by the 
congealing vapour probably^ unites with and liquefies conti- 
guous portions of ice ; but whether the whole, either of the 
heat fl> emitted, or of that originally introduced into the fun- 
nel, is thus taken up ; how often it may unite with other por-- 
tions of ice, and be driven out from other new congelations ; 
whether there cxtfls-auy difference in its chemical affinity or 

♦ Sec a dcfcriptioa of;tlua procefs in the Phifofnphical TranfadionSi vol. 
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eiedive attrafkkm to water in dlStorent Hates and the conti* 
gooliB hodie»; whether part of it may not nlthnately efcape^ 
wi^out performing the otfice expeHed from it open the ice ; 
andt to what diflance from the evaporating furf^e the refri* 
geit^g ed^ of the evaporation may extend ; mufl be left 
Hft further experiments to detetxnine. 
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I. Rfeddce ifee ‘fran S* inttf'itcote^rer^flg^reries* pfooee^ibg 
according to the dhn^ftfionf of any fmall quahdtiefiy and it is 
done. For exvnple ; any alg^.rai€al fun&ion S of an un- 
known of fmall quantity x be burned, reduce it into a con- 
vergi^ ieries pfoceeding according to jChe dimenfions of », and 
there re&ka adhrio^ whfrf^.^mnja S. a. Ibet A, B, C, &c. be 
"algebraicad f|h6fie^sof «% 'i»dtic»,the Cx, &c. 

into a conveig^ iciiios, pfbcMding according to t;he dimei^p 
lions of X, and the proUem is done. 

It is always neceffary to find the values of *, between which 
the abovementioned fedefite cmiverp. |ledttoe the lal^lwwcal 
fnnd:ioit»Sin the firft example, and the algebraial .ftmdions 
A* B, C, &c. la die fccond into their loweft terms ; and In Inch 
a manlier, thatr the quantitips contamed in the ni^meliidr 
and denominator iftay hwfc no denoimnatq^ ; 5^^* denb- 
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Hiinat^nr in tfie £rfi example^ and tjhe deonptaater m tBie ^ 
cond, and etery diilin£t irrational (|uati]^ty ooatsiaed in theoa 
zefpeaiveiy = o ; and alfo evoi^ difiina ktalM^ qoaiitity jwr 
tainod in the nnnaerators « o. Suppoie « the toot* af&r- 
nxat^ o» negative (but not ■«o)r of the abovemenuoned re- 
folting equations; then a lenet afeending accordhig to the di- 
]|ien£oas^ of x witi always converge, if the value of x 
is contained between 0 and but if » be gfeater 

Hian « or - a, the abovemendoned feriea wifi- dlveige- Let 
ST be the greateft root of ^he abovetnentbned refulting equa* 
tions ; then a feries defeending according to the reciprocal di- 
menlioris of x will aonverge, if x be greater than rtr v ; but, if 
lefs, not. When impoffible roots a=^ a are contained in. 
the equations,, an afcetiding ierbs will conrtotge, if v be leis 
dian the leaft root = 4 = and s*s (4— and z±z (a +b)\ or 
Mate generally, if he left laaft rootj=n:«» ai>d ;;;*+* 

aft an infinite dillaace be in^i^J^ left than 

SO» — 2 . W . ' — 4* 2 • W • • ***•" • Sco« 

2. a 3 4 

I - 

a defeending feries will alw^^ convetge^ wh^a » is greater 
than the ^greateft foot of thb nefultiug et^utnAis ^and 
when n is infinite, is infinittfy giMater than (4 ■4^)* attd (4 *- 

or tttore gftaefally than 24 »-aa,.i^ 4 ^A* 4 *sfjf 

a a 3 

^Zla*-’*b*-*Scc.~ 

4 

This fhliows fltom Caput 3. of the MeditatsMiesiygebraicaE^ 
Cfr. It ajppears &6m hence, that, if die afcendiiig ftoea 
converges, the deftenihi:^ will diverge; and, if the 

^feen^ng converges, the afeending will diverge, unheft all; the 
loQtsof the ahove*1tiehd6n^ Teftdting equetbn^ tofF he deetoed 

' ' of 


i, &c. an4 <f=«; 

in which cifii'l&metlmes hol^ &cie&8 m9^ , become the fame 
fioaMrg^i^ &c. '.i 

When in the pret^sdfag j^es» Is e(pMl to the leaft or 
^teatefi: raot, the £si:iefi betimes converge, and fom,e- 
times not, as is (Hewn in thfe \jV^he* 

the^the iiim a ibri^ wh<^e general ttim, he 

found or not, will in many Of^pear from the law of the 
multinomial' and other mewe genexiA leriefes. . . 

2, There afe^^erffeles which dways conveige,' Whatever may 

be the value of «* as, for example, fhe lenes 1*1 a? + 

^ * 3 


2.3.4 


— /4*&c.ori 4*-4+T+-4+&Ca &Ce always converge, 
s ^34 


whatever may be the value dF a? J but it may be obferved, that 
thefe ferieles never a!^ from die expanhon of algebraical 
funfdons of x, or the before*mentioned fluents | but, in a few 
cafes, they may horn duxional equations. There are alfo 
fentfes whhdi never Converge as t4-t.lar4-i.z.3x* 
» 2 . j . 4 x*ih&:c» to which the preceding remark may be 

3 v In thnyear ionte papers, which ccmtaincil the firfl: 
editioit of my ^fbditationes 41^<^nuicae, were fent to the Royal 
in Wh^b Wte coatdned the following rule, vk, let S 
Ibe a ^ven fun&lon of the quantity *♦ which expand into a 
4 - 1 ^.) proicee4ing according to the di,men- 
quan|i^‘ ** write^^w", -)^x"i &c. 

wheie iK| y, «<;. ate i^ts of th^ equation .v" *• 1 and 
let the refUlting quantities W A, B, C, D> &c. then will 

a t t> t rn i T\^ I 0.. ^ ^ M n 't * *' * 

^ ■ be equal to thy fim> of the 2»+i^ 3lijf I, 

fte. terms At This method^ in the pre&ce to the 

Eeti laft 
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x + x X Sk. X *-fJ X xA-/ +<''»<{ 5r"#/+'/ . ^'fX 

x'^/+m- 1 X &c. s»D, where »i ir', ^ 4tii,-«r® 

whole numbers ; and the term is 

*T"; then, if the dimenfirms in (h)fe lumeratqlr be 

lefs than its dimenhons in the denominator, will 'T''^ 

r • . J . •" ./*+*'-* , 0 . ' , »> 

+ • • ‘ •+/ ' ’■- 

^+faO*( .;v::v4. + ri/ : Iv 77Tt'fe + ««’ 

and in general there will be included all termd of the formulae, 

■y.,, ,, 

— f.(stfA*‘:t-S‘wO ., tcc. 

G+/r • <*+/+i)^ • ♦ . (z+/+i')f 
(s+H-k)^ ■« (*+-H-(*+ 0^ * * • (»+»4-»*+/"/ 


where A, B, C, See. «, 4 /, te. i3» jS', &c. >, dec. denote in- 
variable quantises } and jfi, &c. mt whole numbera not 
.greater than rdpedUveljr; andr, ir»*% 4tc. are 

who^ awnbers not grealBr than a » 1 # t» dECi 

If dd iShe ^oaiti^ », &c. &c. am 

« o, the «liim «f the feries can be expreffed m hni^e terma of 
the quanti^ a, atberudfe not ; and allp if k be lefs than, 
dimeniions of s|n the denominator bjr two or snore, thep wUl 
« + /3 + &C. =s o, athcrwile the fum would be infinite. 

From a-q-v'-ff +3fc .- 1 indepoadent futas of infini^ fc- 
riefes of this kind can be deduced the luias of all infinite 
aferiefes of the fame kind* 


Thil 
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This met^ip4 <nay be extended to bfinxte fenes« in which 
cx{iOn«34kta}s as ef •ere contained* which will eafily be feen frotA 
ibme rubfequentpropofitious ; but in my opinion the fubfequent 
method of 'finding the fum of feriefes is |o be preferred to the 
preceding one, both for its generality and facility. 

6. I. Let the general term bje («»*+^*~*+C2;‘^+&c.) x ’ 
(z+e)”* . (z + e + i)~' . (z+e+a)—'*. . . (* + e+/»-- 1)— ‘ ; 
where is a whole number lefs tl\p » by two or more* when 
the fum of an infinite ferics is required. 

Afl’ume for the fum the quantity (z + e)”* . (z + f + 1 )— ' . 
(z + r + 2)-“* . . . (25 + 0 + » - ±y^ y («z*' + jSz*-* +ya5*'"-* + See.); 
find the difl^cefice between this fum and its fucceffive one 
(z + r+ i)r' ^{z+e+ 2 )-' . («+e+ 5 )-’ ... (z4^+»-i)“* 
'x(a25+i +/3 z4-x 4* &C.)*, which will be -(*4-e)“* , 

(z + ^+ i)-* . (» + ^+ 2)“* . . * (z+e+»-i)-« X (»+7x 

(«z+ u +/3z + x*”** +&C.) - z+r+ff- X X («z*’+/3z*''"*+&c.) 
= ^' ^»+ j«z‘'+ &c.); then make the terms of this dif- 
ference equal t6 the correlpondent terms of the given quantity 
as^ + ^z*~‘ 4- &c. and there refult V /6-«4- x x a zza^ and 

eoxxfequexftly Icc.. 

2. Let the general tettn be (zd-if)”* • (*4-e4-*)"' • 
(z4*tf4-3)^ . . -(a4-^4-« -!)'■*»♦ (ss4-/)~* .(2S4- /+!)“' • 
(254-/+ 4)^*... (as 4» /4-x»- x)-* x(e2J*4-^z*-'4-«*“*4-dcc.). 
Aflume the quantity (» 4> e)r* .(z4-e+x)~*...(z4-r4-a - 2)^* 
X (z +/)“** . (»+/+ *)“* • (^:4-/4-2)--> . . (z+f+m-z)-^ 
X («2®'4' jS**^“** +yi^^ +&c) for the fum of Ae feries fought ; 
and th6nce dedU^ the general term, wbidh fhppofe equal tathe 
given general temx, and frortt equating their eorrefponditig parts 
eafily can he dddheed the Index US' and co-cfficients «, /3, y, &c. 
and coufequently the fum of the feries fought. 

3. Le 



O.t^-^heral terra ' retfoccd jto its 

felitf+t ■• :.'. 'i+i+^rV X 

‘t . . . r'zfj+ftt-f ir ‘ i< ^+g *x • x ,. ., 

z^ + Z— [, X (j2:*«+^ii**^*+ca^^+‘&c.)'.' If it be^re- 


^yke(? % reduce J^he *, &c. to a conformity with 


t{i6‘rfefb, “for rfc +y “^bljitute 2:4 ^ »< f*-«, &c. and it 

is tdojie- Affume for t|b|sj* y^t^ral x>r* fum the quantity 
S=>a,4.e’'.'a + tf+n ^»’jc ra+y ^.ns+r+y '.. 


r% + m~2i‘'+J^ *x»+^ + i “^ . . . i+,g'+^'- 2 *^xj 

&c. * (a®*’’ 4 jSa**"’ 4 &c.y»= S, find its luccefliveifnm'by writing 
r + i'fbr 3 in the 'fum S, and'lef the quantity refulting be 
SK j the^ will the general term .he S - S', wlwh equate to the 
given -.general l^rm, that is, their corjrefpondent quantities; 
and thence, may be deduped the indet b' and co-efficients* «, P, 
See.', and confequently the lum. fought. If the ferifcs does not 
terminate, then the futn will be exjurelifed by a feries proceeding 
itt infinitum, according tO the reci^>6cal dimenfions of «, '• ‘ 

From w+f + 0 - + &c. -- 1 ind^ndent integrais. 'of the 
abovjfc- mentioned kind can be deduced the intcjgr^of aU qqan- 
tities.of the farne kind ; that is, where h is any whole affirma- 
tive number whatever, apd the co-efficients a, c, &c. are 
any how varied. 

If any fiidlor xz+g in the denominator, &c. has no other 
2 : 4^4Z- I, which differs from it whole numljer /- i ; or 
the 'fiaftor r» +jf has no correfpondent faftor r% .iff + mr, where 
«is a whole number; then the integral of the above-mentioned 
Xeries cannotbe exprefi^ in finite terms of the quantity z. Ift 
like manner, if the dimepfions of z in the, numerator are lefs 

than 
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than its dirtienfions in the denominator by unity, then the in- 
tegral of thftgeintefai term cannot be expreflfed by a finite alge- 
braical funftion of z. If the number of terms to be added be 
infinite, it is well known that the fum in this cafe will be 
infinite. 

It may be obferved, that in finding the fum of a feries, 
whofe general term is given, all common divifors of the nume- 
rator and denominator muft be rgefted, otherwife feriefes may 
appear difficult to be fummed, which are very eafy : for exam- 


+ 


pie, let the feries be — 

-f&c.s: — f + :: s-t 

aVi.a.A.c TfS 


a . 3 . 4 . 5 ■ 4.5 .6.7.8 
2 ■ 3 


general term is 


4-5 4-S*7 

*4 I 


7.8.9. 10 . II 
■&c.), whofe 


7 . 8 . to . II 

; and by afluming, as 


3*4-1 . 3*+4}<3*-4a . 3*4-5 

s before taught, 324-1 ‘ x 32: 4- a”' x « for the fum fought ; 
and finding its general term 32-1-1 ' x 32:4-4 * x 324- 2~' x' 
324-5 *x 182 4-1 X a, which equating to the general term 
given, there refolts i8«s=i, and the fum fought = -^ x 

lo 


3 a 4 -i. 3 a 4 -a 

Ex. 2. Let the feries be 




2 - 3 - 4. 5 


55 


140 


5 . 6 . 7 . 8 . 9 

9 . 10 . 11 . la . 13 • 13 . 14. . IS . 16 . 17 ^^'“24 (i . 5 "^5 • 

— r— ^r4 - &c.), of which the general term h 

9 . 13 13 . 17 • ° 24 

; and confequently the fum deduced is ^ x 


4314*' I • 4 ® 4*5 
4 4® 4 * X 


Thefe are feriefes given by Mr. De Moiv-re, and cftcemed 
by Dr. Taylor altmh i/tdaginis, 

VoL. LXXIV. F f f Some 
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StMne other writers have made feme feriefes to appear more 
difficult to be furomed, by not rcducuig them tO their loweft 
terms- . . 

7. Having given the principles of a general method of find- 
ing the fum of a feries, when its general term can be exprefiled 
by algebraical, and not exponential, funftions of a, the dif- 
tance from the firft term of the feries ; it remains to perform 
the fame when exponentials are included. 

I . Let S the fum be any algebraical funftion of a multi- 
plied into r* = ; then will the general term be Se® — fS'<r" = 

(S — eS')r®; whence, from the general term Tr* being given, 
affume quantities in the fame manner (with the fame denomi- 
nator, &c.) as when no exponential was involved, which 
multiplied into r®, fuppofe to be the fum ; from the fum find 
its general term, and equate it to the given one by equating 
their correfpondent co-efficieutSy and it is done. 

Ex. Let the general term be xe“+' : afl'ume for - 

the fum fought X e*'*'', whence the general term is 


Vzs+I 


\ se+i 2»(l— 


e r: 


X r»+r ; equate it to the 


22;'f3/ 21S-1-I . 22 + 3 

given term, and there refults 2«(i— e)s=i and 3« — = 
and cofil^uently and «=r jf/ if the fortes can be fummed. 

The fame obfervation, viz. that if any fadtor in the deno- 
minator or irraticmal quantity have no other cofrelpondent to 
it; for eyampie, if the fadlor be a»d there is no Cpr- 

refpondent one x +g + w, where « is a whole number, then its 
integral cannot be expreffed by a finite algebracal fmidlion 
of %. 

In the fame manner may the fums be found, when the terms 
are exponentials of fuperior orders ; for the exponential, irra- 
6 tional. 
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tional, &c. quantities ia the denominators of the fums maj- be 
eafily deduced from the preceding principles ; and thence, hy 
proceeding as is before taught, the fum required. 

The principles of all thefe cafes have been given in the 
Meditationes. 

8. Mr. James Bernoulli found fummable feriefes by 
afluming a feries V, whofe terms at an infinite diftance are 
infinitely little, and fubtraftiug the feries diminilhed by any 
number (/) of terms from the feries itfelf, &c. 

It is obferved in the Meditationes, that if T (w), T (/» + «), 
T (/w + w-4-?/), T (/« + « + «' + «' ), &c. be the terms at w, 
+ «/ + « + «'. m + n + n' + n'', &c. diftances from the firft, 

and aT (w) + ^T (w + k) + cT («? + « + « ) -f (w + « + «' -f 
n") + &c. be the general term, it will be fummable, when 
a + l> + c-{-J+ &c. =s o; the fum of the feries will be «(T (/») + T 
(/»4-i)+T(w-f-2)+ . • . •{■T (jn-\-n-\‘n'-\-n" -\-Sic. — i)) 

-1-^(T («?-}“« 4-1) 4" 21) -j- . . . 4T 

4- • • (T(w4-»4‘”^4'^^^+'^c. — i)) 4 -&c. = H. If the fum 
be not = o, and the feries T(/«) 4 -T(>w 4 i) 
4 -T(^ot- 4 - 2 ) 4 &c. in infinitum be a converging one = S, then 
will the fum of the rcfulting feries be 
S - + (T” . . . +T"+»-*) _ (^ + ^+ &c.) 

(TH-» . . . x-+«+-''-*) - (^f+&c.)(T"+*+”+ . . . T*+"+"+* -’) 
^-&c. 

8. 2. Let the feries V confift of terms, which have only one 
feftor in the denominator, and its numerators: i ; that is, let 

the general term be and the feries confcquently 

f — I — i — j — \ — L&c. = V ; from the before- mentioned addition 
t ' r-\-e ar + * ' 

or fubtraaion there follows &c.= 

F f f 2 <»»• + 





0.55 4- Bz + yz 
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-f &C, 


— -- , , j where m is not greater thari the 

rz + * • rz + r+it . rz+ 2 r +e . &c, ’ o. 

number (N) of faftors in the denominator diminifhed by unity. 
From «, /S, y, &c. r and e being given, eafily can be acquired by- 
fimple equations, or known theorems, the required co-efficients 
a, b, c, &c. If I and « and a-\-b-\-c^d-{-Sic.-Q, 

then the fum of the feries refulting will be finite, 

8> 2. If the terms of the feries aflumed i _ ~ t — I i 

•> e r + e 2r+e $r + t 

&c. be alternately affirmative and negative ; then 


by the preceding cafe find - 


m m — I i »— 1 

az -T$z -fyr &c. 


z-^e . rs + r-htf . rz*f2r+f4&c. 

— f — I -t — +&C. Where the terms of the refult- 

rz + e '^e rz+ar-f^ 

ing feries are alternately affirmative and negative, let the 
two fubfequent terms be fuppofed 


az "i- 0z -f-y* -f-SiC# 


+ 


ra-f # . rz + r + e . . . rz+n— tr + e 

m — 1 a 

4^C. 


r« + ? rz-i-r+e 
a , b 


4. &C. and — ±?:^+J — 

, + &c. of whicli the one is affirmative and the 

rz4r4^ rz4 2''4^ 

other negative : reduce the refulting feries to-an affirmative one 
by fubtradliivg the fubfequent term^ from its preceding, and it be- 
(rz + wr-l-t) («g”+fa” ^ + 8cc.)— (rz-f»-) (ga4-i|*-fgz+ i” 


comes 


r*4 ^ • rz4r4^ • rz* 4 -' 2 r 4^ • . . rz4r«-j-^ 


n—?nraz^ 4&c. 


__ ^ , . jr- — 4. &c- 111 this 

rz4^ . r5c4»"4^ • • '■2i4r«4^ rz4/ * rz4^4^ 

cafe, fince two terms are added into one, the diftance from the 


firft term of the feries will be^, , which. fupppfe = w; and write 
2W for B in the above-mentioned terms, and- there refulte 

77 — 7»7'og”-l-8cc. __ n — w/faX 

ra-^# . rz-hr + r . . . •+# 2'’U'-J-r . irw-i-r+e . . . Z^w+nr+f 

a 


2rw4'<P 
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* * whence the lum of any feries» whole 


o'w’*+i’w* *+&c. 


. , where « is a 


2rw¥t 

general term Is ^ , , 

•* 2ru>+^ • 2rto + r+^ . . . arw + wr + jf 

whole number lefs than a by two or more, and w the diftance 
from the firft term of the feries can be found from the fum of 

the feries ^ ^ — | — — i- &c. 

< r+e 2r+e 3r+e 

o. Let there.be two leriefes -4- -i- 4 — j- &c. =r S and 

e rf-f-r ^ 4 - 2 r 

^+-:t — h-rr — + &c. = S', wliofe general terms are re- 

/ /+'■ /+2^ 7+3'" ^ 

fpeftively 4 — and + -7 — ; then from the fum of thefe two 

feriefes can be colle£ted the fum of any feries, whofe general 
term is 

« ^ -f SCCm 

rz+^*rs + /+r . rz + tf4- 2r . * .rz4-»-ir+/Xrz+/‘. w-ir 

X . u' / y 


rz^e^ rz'i-fj-r *^fz-f^4-2r 


+ 


+ 


rz + M~ir + ^ rz+/ rz+r^/ 

■ • • • + ; where e-fis not a whole num- 

rs + 2 r+/ rz-hm-ir+Z ^ 

ber. • • +Ar:o, and ^4-^ +C''. . . ^heii 

the fum will beaf ~ — i — • . . + =L=c — ) + ^ T 

Vrz-t-^P rz-f-n— •2r + /7 \rz-^ 

+ - — I — • . • + — =L , — ) + c ( — ? 

rz4-?+2r rz+;» — 2r-f // \rz + ^ 

I I 

-f/'^rz+r-f/ * rz4-w- 2r-|-/ 


+ 


e-^r 


+ • . + 


rz + 


:^ + &C. 


+ 2r 4*^+3^ 

\ + &;c« ^\Cl ( ^ 4 . ^ • - v. ' ,:!— ^ — ) + 

\rZ‘\-f'rZ'\rr-^f J 

1 

~ >4“ • • • 4" — 

4"/ ^ 2 . 4 .;;,— 2 r+/ 

2. If the feriefes are I — — +• — Scc.andT. _ _i- — |— -r^-— 

e « + r t+%r f /+r ' /+2r 

- &c. ; then from the fum of thcle two lerleles can be colle^ed 
by the principles given -above the fum of any feries, whofe 
general term is 


2 


a«m., 
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The fame principle may be applied to find the fum of any 
feties of the abovementioned fort, in whofe denominator arc 
contained other faftors, rz+g, rz+g + r^ See. See. ; or 2rz+g^ 
2rz+g + r, 2rz+_g-+2r, &c. Like propofitions maybe de- 
duced from feriefes, in which r and r', &c. and the faftors 
ra + r and r'z+^. See, denote different quantities. 

lo. An apparently more general method may be given from 
afluming a feries or feriefes as before ; and adding every two, 
three, four, &c. («) fucceffive terms together for terms of a 
new feries beginning from the firfi, fecond, third, See. u"' 
term ; and in general adding together two, three, &c. « fuc- 
ceffive general terms ; and in their fum writing for z the diftance 
from the firft term of the feries zz 4- + , &c. «a -f- <» ; 

there will refult the general term of a feries not to be found 
from the above-mentioned addition. 

JSx. Let the feries aflumed be 4.+ 1 + ^-|- } -f &c. in injini-- 
tuniy of which the general term beginning from the firft is 


— — ; add three fucceffive general terms — — + — — + - — 

a+X ® K-j-I Z + 2 Z + J 

J 221 *4* I I • • * 

= — ; in this term for z write 'iz. and there 

refults . In the fame manner, if the 

3*+ 1 . 3*+“ • 3=^+3 

beginning is inftituted from the fecond or third term of 
the given feries, the terms refulting will be 

and 3^ In thefe terms for a write az, and there 

*+ 3 - »+ 4 * »+5 ^ * 

wfult and . 

3«-f2 , 38i+3 . 3a+4 3Z+3 . 3Z+4 • S^+S 


If 
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If the terms of the given ferics are alternately affirmative and 
negative, the terms of the rcfulting feries will be alternately 
affirmative and negative, if n be an odd number ; otherwife its 
terms will be all affirmative. The fum of this feries will be 
finite or infinite, as the fum of the feries i + f + -5-+i + &c. is 
finite or infinite ; but from it, by the preceding method of addi- 
tion or fubtradlion of Mr. Bernoulli’s, or a like method applied 
to more feriefes, may be found the fums of different finite feriefes. 

It may be obferyed,; that from Mr. Bernoulli’s addition or 
fubtradion can never be deduced the feriefes which arife from 
this method ; for, by his method, tlie denominator can never 
have any factors but what arc contained in the denominators of 
the given feries, nAz, (in the feries 4 + | ^ + &c.), * -f /, where 

/ is a whole number ; but by this method are introduced into 
the denominator the factors 2a + /, 32 + /, &c., and nz + /, or> 

which may be reduced to the fame (a + ^ ^ x a. 

If « fucceffive general terms of the feriefes arifing from Mr. 
Bernoulli’s addition or fubtraflbn be added together, and in 
the quantity thence arifing for % the diftance from the firft 
tqrm of the feries be fubftitoted »e, there will be produced, 
feriefes of the above-mentioned formula. 

1 1 . Multiply two converging feriefes a + ^x + cx‘ + dx^ -f &c. 
5J S and .« + jS* + &c. ^ V, or find any rational and inte- 
gral funflion of them, and the feries refultjng will be finite 
and =! S X V, &c. Let « -(- jG^r -f- yx^ -f" &c. x”=:V he finite, and 
the refulting feries will be finite and = S x V, &c. If S be a, 
feries converging or not, whofe iiltimate terms are lefs thaa 
any finite quantity, then will the feries (a -f ix+cx' -t- &c.), K.i 
(«-f /Saj 4 - yx* &c. a;*) = V X S be a converging one, if a -I- -K ! 
y/ -t- . . . &c. 0 ; which cafe was given by Mr., Db Moiyre., 

Mr.. 
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Mr. Bernoulli’s addition, &c. can be applied to Teriefcs-of 
this kind. For example, let the ffiven ferics be - +J~.x + ' 

4 - &c. = S. From this ferics ‘fubtrai^ the 'fame ferics di* 
a 


miniflied by terms, viz. 

^ / + « e+m+t 


*•+'+ 


e-\-m+2 


#»+* 


+ &c. and there remains 'Jtfz!!! + i+f±L-J+J^" x +' 
f+m+ 2 -t+ 2 x__ 1 +/”+ If ., X ;r* -f &c. ; for write A, 

t+Z.e+m + Z » + 3.^ + »i+.3 

then will the feries become x +] 

e . m+e i . # + »j+i 

i^2.e+m + 2 ^ + 3.^ + /»*f3 ^+1 

JL. v» — ? — . 


4 See. ^ 

z+^+ 2 • . %+# + «— 1 

Suppofe 13 rz ( 3 'x^ 


««f.a # + »— I 

Let the general term be 

V«4-^ z + tf+i z + ^+a 3S+ 

y-=s^V, ^=SV, ..X = XV~‘; then will the fum of the 
^bo^Otmentioned feries be (a+ (3' + y' + S' &c.) x S--~ 

i^'ri-.y' 4-S' + See.) - (/ + ^' + &c.) - ~ (r + &c.) - &c. 

From the film of the leries - — &c. by tbrefe 

and the principles before delivered can be deduced the 
fum of any feries, whofe general term is 

2Z + < . 2* + #+ I . 2 a + # + 2 . 2 z 4-#+3 X &c. 

In like manner from the fum of the feriefes - 4 

' _ X . Af* . *5 


+ &C. ? + - +.£1 + &C. f4— 1— r~- 

/ /+I /+2 # g+l £ + 2 


e #+i *+2 

&c. &c. can be 
deduced 



Summation of Series. 401 

deduced the fum of any feries, whofe general term i.s 

<iz' + hz"~' + Sic. ; 

»+#.* + #+ 1 .*+«+2X&c.Xa+/,a+/+i .s+Z+a.&c.xz+iT.a+i'+i.&c. 
[K X\ 

And alfo from the fum of the feriefes - — ■— Ar4-— — - fire. 

e tf+l f +2 

&c. &c. file, can be deduced 

/ /+! /+a g 

the fum of any feries, whole general term is 


^ + &c. 


XX^ 


Hz+e . I . &c. xaz-h/. I . &c. 2x-\-g . 2Z-|-^+ t . &c. 

The method of adding more terms of a given feries toge- 
ther, as before taught, may be applied to thefe and all other 
feriefes. For example: let the given feries be i-i-fv + 4** 
+ }*’ + &C. ; add two terms conftantly together, and it becomes 

I + i* + &C. = lt 5 +l±if 4 4 &C. = 

2 3.4 5.6 2 3.4 

^*+ficc. whence the general term is 


■ ■ . * From the methods before given of addition, fub- 

trafilion, and multiplication ; and the feriefes found by this 
method, can be derived feriefes, whofe fums are known. 

12. Suppofe a given feries 4. f jf"±“ 4. + fire, 

whole fum p is either an algebraical, exponential, or fluential 
fluxion of 2:; multiply the equation ^ = + + + 

J^±3* 4 &c, into *, and there refults ax^~ p = ax^'' + 4- 

^;ifd?±M4&c. ; find the fluxion of this equation, and there 

follows^ multiplied into the fluxion of the quantity (.v±'^“”/) 

s= ^;f±'^±i*>4(=i=r4r;2j)«‘i’±*‘~' + &C. 

of which the general term is (:i=r±sj) x r, where % denotes 
the diftanqe from the firfl: term of the feries, and t 
VoL. LXXIV. G g g i* 
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is the term in the given ferics, whofe diftance from the firft 
is z. In the fame manner may be deduced the fum of a feries 

whofe geneml term is t' x zt:r±:,zsx =izr' ^Zi±:ns, or by re- 
peated operations t' x c.." +/z -{-g^ where t' is a term of the 
given ecjn.ition, whofe diftance from the firft term is z. And 
in general, from the fum of a given ferics, whofe fluxion can 
be found, and whofe general term is can be deduced by con- 
tinued mulriplication, and finding the fluxion, the iuiti of a 
feries or quantity, of wdiich the general term is A/', where A 
is any function of the following kind a'z’’ +&c. 

in which a denotes the diftance from the firft term of the leries, 
and m a w hole number. It is to be obferveti, that if the given 
feries converges in a ratio, which is at leaft etjual to the ratio 
of the convcrgcncy of fome geometrical feries, the refulting 
equation will always converge. But if in a lefs ratio, then 
it will fometimes converge, fometimes not, according to the 
ratio which the fucceffive terms of the refulting feries have 
to each other at an infinite diftance. 

Corollary. ^ 


. r 4- I 


r4-z.r+3*.r + 
/>-f z— 3 . * z-fr-f I 


, . , , if * — r be a whole 

affirmative number ; but this latter quantity has the formula- 
above-mentioned dz’" + Az*“*4.ra">-^ 4.&C. ; and confequently, 
if the fum of the feries a-\-6^-\-cx^‘-irdxv-^Scc.‘=p be known, 
by this method can be deduced the fum Of the ferie# 

^ -f ^ -" 2 ' cx^+ ^ - ‘ I .p + 2 
r r* r+l r . r+i . r + a 

M « ✓ 

^ m 

£x.i.Since<a + x'' = <?” 1^1 + — x- + -x 

, nan 

-<j-?^f’+&c.) ; multiply the fucceffive terms of this feries 


aa » 


7^ a 

S'* 


mt§ 
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into the terms of the feries i* 7 , &c. and a fcries is 


deduced a" +' a 

r ^ n 


** A •»« -L. ** , W 

,r . ? ^ . ff* p -^1 y.m . m-n 4-~-i 




r ./■ + I . n . 2ft 


+ See. 




whofe fum is known, if the fum of the feries =*<« -f v " is 
known. 

jEx. 2 . If the feries begins from the /+ i'*’ term of tlie above- 
mentioned binomial theorems? — h- a ”~'x + Scc. viz. the 

ft n * 

r ■ 1 TT • , m— i+in X ,m -f+2n , m—/4-2rtx^ , « 

fenes be H x H + -= — _ ^ — ==J-^ — + &c. 

l + 2n <t <*' /+4» 'j’ 

•f which let the refpeftive terms be multiplied into i, 
t. ^ i f &c. there will refult a feries whofe fum is known. 

r r . r + I 


Ex. 3. From the rule firft given by me for finding the fum of 

the terms at h diftances from each other, the fum of the leries 

_ , m — Tf\n ^ m — l+ 2« m - i S bn ^ x" , t> .. w-Z+^+Tw 

I -J- ■ ' X • • «====— X —7 Jr X •^-■ - ,.■ 7 -— X 

1+2. n i+3 « l + h+-in / l+h+ 2 n 

.p gcc. where P denotes the co-effi* 

cient of the preceding term, can be deduced ; and confequently 
the fum of the feries deduced from multiplying the fuccefllve 

terms of this feries into the quantities i, - , 7— rc* 

fpeflively. 

The general principles of this cafe were firft delivered by 
Mr. Bernoulli, Mr. De Moivre, Mr. Euler, &c. 

1 2. AfTume the feries a + bx*" + c,v'* + &c. = p, multiply it into 

at*”*;!, and find the fluent, then will ^ x’^p— + 

G g g 4 


I 
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+ + &c. ; multiply this equatioii inta 

and find the fluent of the equation refulting, which 
«11 be i X ! - I . ■. . i 

/**>“:• + &<:•! 
divide by x\ and there refulta i . i /. + -L . J_ , 

^ a. *' a a— /S J! ‘ * 

■rai I. i . l.Scc.f+l : .5^ . 

i . jLt-^1. ■ j . i&c. 

^ "b “ |. — • ^ &C« -p — — — L.* ^ &c rv*" -W /P"#* 

6-f/ e+n y + a »+2a ef2a y+2a^ +«C. 

whence the law of continuation is immediately manifeft. 

Hence, if no two quantities «, /?, y, $, &c. be equal to each 

other ; and the fucceffive terms tf, h, e, d, &c. of any feries 

^ + +f^ + &c. = p be divided by y. &c.; . W+ 71 . 

y+w . S + « . &c. ; a+2« . /3+2« . y4.2/? . S+2» . &c. &c. ; 

and in general by u + nz . P + nz . y + »2: .S+nz. &c. &c.; 

then can the fum of the feries be found from the fluents of the 

fluxions- x'>pj x^p, &c. as has been oblerved in the 

Meditationes. If two are equal, viz. «=;/3, then alfo the 

fluent of the fluxion jy'a:"/ is required. Tf three are equal 
viz . « = ^ = y j then it is neceflary to find the fluent of the fluxion- 
JjTj ; and fo on. 


I. Letp— — j-^r and if the diflerences of the quantities 

&c. are divifible by from, the fluent of the 

fluxioni 
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fiuxion can be deduced the fluents of all the other fluxions 
x^p. See . ; and in general, if « ~ jS is dlvifiblc by », then 
from the fluent of the fluxion x'p can be deduced the fluent of 
the fluxion x'p. 

2. Suppole p — the terms of the binomial theorem ex* 
panded according to the dimenfions of x, viz. (a bx”') - ~ 

r r 

+ - a‘ bxf + Sec. beginning from the firfl: or any other 

terms ; then, if «, $, See. divided by « give whole affirmative 
numbers, will all the fluxions x“p, x"p, xip. See. be integrable ; 
and if the differences of the quantities a, 13 , y, S, &c. are divi- 
flble by «, from the fluent of the fluxion xy can be deduced 
the fluents of the fluxions x^p, x>p. Sec. 

If p denotes the fum of the alternate or terms whole diftance 
from each other are w, of the binomial theorem, the fame 
may be applied. 


3. If p = a + bx” + cx^” ‘ and «, j 0 , y, &c. divided by « 


give whole affirmative numbers, then itomj x^p can be de- 
duced all the remainder J' J" ’ and in general from. 


two can be deduced all the remainder. 

To find when the fum of any feries of this kind can be 
found, add together each of the fluents, which can be found, 
from each other, and not otherwife, and fuppofe their fum = o ; 
and fo of any other fimilar fluent, and from, the refulting 
equations can be difeovered when the feries can be integrated. 

13. If the general term of a feries contains in it more va- 
riable quantities, z, v, w, &c. ; then find the fum of the feries, 
lirft,, from tkehypothefis that one of them (2), is only varia- 
ble,, 
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ble, which, properly correded, let be A j in the quantity A 
fuppofc all the quantities injrariable but Ibme other v, and find 
the fum of the leries thence refulting, which let be B, and fo 
on ; and the lum of the ferics will be deduced. 

Ex. Let the term be - ^ ^ ^ i x dimenfiona 

■of 2 and V, &c. in the denominator mull: be at leaft greater 
than its dimenfions in the numerator by a quantity greater 
than the number of the quantities 2, v, &c. which proceed 
/’» infinitum increafed by unity. Firft, fuppofe 2 only 
variable, and the fum of the infinite feries refulting will be 

— = A ; then fuppofe v only variable, and the fum 

ZmV,V’i-i^v-h2, ^ ^ ^ 


refulting will be • 


i B, which is the fum required. 


2Z . V • V'\- 1 

If it be fuppofed, that the quantities 2 and v, &c. in the 
fame term lhall never have the fame values, then fuppofe 
2 and V always to have the fame values, and the general term 


Z+I .V* V^l ,1^+2 


becomes 


,2+1 . 2+2 


r, of which let the 


fum be V, then will B - V be the fum required. 

On this and fome other fubjefts more have been given in the 
Meditationes. 

14. If the fum of the feries cannot be found in finite terms, 
and it is neegflary to recur to infinite feries ; it is obferved in 
the Meditationes to be generally neceflary to add fo many 
terms together, that the" diftance from the firft term of the 
ftries may conliderably exceed the greateft root of an equation 
refulting from the general term made = o ; and afterwards a 
ferics more converging may commonly be deduced from 
the fluents of fluxions refulting from negleding all but the 
greateft quantities in the general terms refulting ; and by other 
2 different 
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Afferent methods. Mr. Nicholas Bernoulli and Mr. Mom- 
•MORT inveftlgated the fum of the feries (P)A+Br + Cr' + 

&c. by ' a feries (Q.) ■ ~ + &c. ; 

where d', d", d’"., &c. denote the fncceffive difFcreiiccs of 


the terras A, B, C, D, &c. If r be negative, the denomi- 
nators become i-f r, (i-f-ry, &c. 

It has been obferved, in the Meditationes, that in fwift coa- 
yerging feries the feries P will converge more fwiftly than the 
feiius Q; in feries converging according to a geometrical ratio, 
fometimes the one will converge moi'c fwift, and fometimes 
the other. In other lerics, which converge more flow, where 
moft commonly r nearly = 1, it cannot in general be faid, 
which of the feriefes will converge the fwiftefl. The preceding 
remark, viz. the addition of the firft terms of the feries, is ne- 
ceflary in molh cafes of finding the fums by feriefes of this 
kind. 


It is not unworthy of obfervation, that in almoft all cafes of 
infinite feries, the convcrgency depends on the roots of the 
given equations, which remark was firft publifhed in the Me- 
ditationes. For example : in finding approximates to the roots 
of given equations the convcrgency depends on how much the 
approximates given are more near to one root than to any 
other ; and confequently, when two or more roots or values of 
an unknown quantity are nearly equal, different rules are to be 
applied, which are improvements of the rule of falfe. This 
rule, and the above-mentioned obfervations were firft given in the 
Meditationes Algebraicae et Analytics, with feveral other, 
additions on fimilar fubjedls. 


Many 
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"Many more things concerning the fummationof feries, which 
depend on fluxlonaJ, &c. equations, might be added; but I 
4hall conclude this paper with congratulating myfelf, that fome 
algebraical inventions publilhed by me have been fmce 
thought not unworthy of being publifhed by fome of the 
Igreateft mathematicians of this or any other age. 

ift. In the year 1757, I fent to the Royal Society the firft 
■edition of my MeditationesAIgebraicae: they were printed and 
publilhed in the years 1760 and 1762, with Properties of Curve 
Lines, under the title of Mifcellanea Analytica, and a copy 
of them fent to Mr. Euler in the beginning of the year 1763, 
In which was contained a refolution of algebraical equations, 
not inferior, on account of its generality and facility, to any 

yet publilhed (u/z. y=a \/p + This 

refolution was publilhed by Mr. Euler in the Peterlburg A£ls 
for the year 1764. Whether Mr. Euler ever received my 
book, I cannot pretend to fay ; nor is it material : for the faft 
Is, that it was publilhed by me in the year 1760 and 1762, 
and firft by Mr. Euler in the year 1764. Mr. de la Grange 
and Mr. Bezout haveaforibed this refolution to Mr. Euler, as 
ficft publilhed in the year 1 764, not having feen (I fuppofe) 
my Mifoell. Analyt. Mr. Bezout found from it fome new 
equations, of which the refolution is known, and applied it to 
the redudfion of equations; more new equations are given, 
and the refolution rendered more eafy by me in the Philofophi- 
cal Tranfadlions. 2d, In the above-mentioned Mifoell. Ana- 
lyt. an equation is transformed into another, of which the 
roots are the fquares of the differences of the roots of the 
given equation; and it is aflerted in that book, that if the 

co-efficients 
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terms pf t^refaltiugequatlpus change coii- 
4apvi|j^ to- and - to 4* » the rc^s of the given equation 

ppe all poteWci, otberwife not ; and in a paper, infcrted bj me in 
the JPhUoftfbiical Tranfa^lions for the year 1764, in which is 
found from this transformation, when there are none, two or 
four knpoffible roots contained in an algebraical equation of 
four or five dimenfiontt; it is obferved, that there will be none 
ttf four, dec. impoffible roots contained in the given equation, 
if the Uft term be + or - ; and two, dtc. on the contrary, if 
the lafl: term he - or +» Thefe obfervatioiis and tranf-! 
formation have been Bnce pubitfhed and explained in foe Berlin 
Afts for the years 1767 and 1768, by Mr. bt la Grange. 3d. 
In the Mifcell. Anal, an equation is transformed into another, 
whole roots are the Iquares, &c. of the roots of a given equation ; 
wad it is afierted, that there are at ieafi fo many impofiible roots 
contained in the given equation, as there are continual pro* 
greilet id the refulting equation from + to and -• to - . It is 
afterwards remarked, that thefe rules fotpetimes find impofiible 
roots when Sir Isaac Nbwtoh’s, and fuch like rules, fail ; and 
that Sir Isaac Newton’s, dec. will find them, when this rule 
foils. This rule may fomewhat fortber be promoted by firfi 
changing the givim equation^ whofe root is a, into another 
whole root is s but, m ray opinion, the ruleof Har* 

kto'f’s, which only finds whether there ere impofiible roots 
contained in a cubic equRthm or not, is to be preferred to thde 
rules, which, in equations of any dittienfions, of whkrh the 
trtipoffible roots cannot getierally be found froni the rules, fel- 
dOm find Iho true nuSnber. '4th, If is remarked, that rules 
which dffoolrer the trifle number of impofiible roots require 
ittitnenfo caleukHons, lince tlwy mull necefiarily find, when 
^■ VoL. LXXIV. Hhb the 
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the roots become equal. In order to tjits, iii the Mllcell. Aliaif. 
there is found an equation, whofe roots are the redprdckls'of 
the differences of any two roots of the ^v^'equation y aftH 
from fiuduig a quantity (v) greater than the ^eateft root of the 

given, and i j greater than the greateft root of the refultbg 

equation, and fubftituting tt, «• — A, ar— cA, &c. for x in 
the given equation ; will always be found the true number 
of impoffible roots. 5th, In the fame book are afTumed two 
equations « - i /**“*+« - ^gx^-i - &c. « o and 

X'—px’'-* + Scc.=iff'), and thence deduced an equation, whofe 
root is IV, from which, in fome cafes, can be found the num- 
ber of impoflible roots. 

6. In the Mifcell. Anal, is given the law of a feries, and its 
demonftration, which finds the fum of the powers Of the roots 
of a given equation from its co-efficients. Mr. Euler has fincc 
fublifhed the fame in the Peterfburg Afts. Mr. de la Grange 
printed a property of ^his feries, alfo printed by me about the 
fame time ; viz. that if the feries was continued in in/mitum, 
the powers would obferve the fame law as the roots, which 
indeed immediately follows from the feries itfeif; but foom 
thence with the greateft fagacity he deduces the law of the 
reverlicHi of the feries {y=a + bx-\-cx'+dx* + &c.) ; it has (ince 
been given in a difforent manner from fimilar principles in tlie 
Medit. AnaJyt. 7. In the Mifcell. Analyt. the law of a ieries 
is given for finding the fum of all quantities of this kind («“ x 
j0» X / X X &c. +&c.) where «, ( 2 , y, S, dec. denote the roots of a 
given equation, from the powersof the rootsof theg^ven equation. 
This law, with a different notation, has been fince publiftied in the 
Paris Afts by Mr. Vandermonde 5 who indeed mentions that he 
3 had 
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bad heard, that a ferie$ fiw ths^ purftofe was contaiued in my 
Wt h^ uqt'ieen It. In the fame book is given a method 
d£ Bndiiig ihe aggregates of any algebraical fuhflions of each of 
the foots of given equations, which is IbmeWhat improved 
in the latter editions. 8. In the fame boqk are affumed 

— zzr, and — , where « is any rational 

+ />z"+fZ ' + &C. 

quantity whatever for x andy, the unknown quantities of a ^vcii 
equation of two or more dimenfions. 9. In the Mifcell. Analyt. 
a biquadratic (j?* + 2y*’ = y**+rx + r, of which no term 
is deftroyed) is reduced to a quadratic (** + /x + n = 

■i- 2» + fx-i-\/s -i-a* ;) znd in the fecond edition of it, 
printed in the years 1767, 1768, 1769, and publiftied in the 
beginning of the year 1770, the values of » are found 


itjS+yl 




and and the fix values of \/y + 2n + f 


refpe&ively 


^ , 


, ^ 


and their nega- 


tives i and the fix values of + a* refpe£lively 

and their negatives. 10. From a given biquadratic 

0*+£y* + ry+r = o) by affuraingy>f + and a and ^ 
Ihch quantities as to make the fecond and fourth terms of 
the refulting equations to vaniih, there refults an equation 
(o*+Ao*4-B=o) of the formula of a quadratic. Mr. dela 
Gbangb has aferibed this refolutiou to Mr. Tschirnhausen s 
but in-the Ldipfic A^s the refidutbn of a cubic is given by 
Mr. TscHiRNfiAVSBiir, but not of a biquadratic : his general 
defign feeims to be. the ' extetmiitatfon * of all the terms. 

■ Hhha n. Mr. 
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, I . Mr- Evler or Mr. de t a Grangs fowrf, ^at; if #• V » 
root of the equation x"- i = o> where rt li t pritoe ntitaher^ 
«, «\ . . a*-*, 1 will be (») roots of it. 'More on a fithit 

larfubjt^ has been aMu\ in the iaft ediuop of the Medit. 
Algebr. 12. It is obferved in the Mifcell. Ahalyt. that 
CARjpAyt’aor St-'iPfQ Fer'<eus' 3 relolutioir qif R cuHc is arefii* 
lution of three difFereut cubic equations) and in the Medit. 
Algeb. 1770, the thrc-e cubics are given, and the rationtilte bf 
fg^olurion (^fbr example 1 if of, and y, be the rbots of 
the cubic equation x' + ^x-r = o, then is given the function 
of the above roots, which are the roots ef the redocui^ cqua- 
tion B* rz’ 5=^7 ) ; and allb the rationale of c<^mmoti refo-# 
lution of biqt»adrat;ics, ij- It i« id lih« 

if the terms + andiiN>^+%‘’^’^f + 

+ &c.) of two equations of » and m dimenfiqus, whicii 
contain the greateft dimenfions of x and y have a common di- 
vjfbr* the equation whofe root is X or jy, wU! txot afcwd' to 
nxm dimenlions ; and If the equation, whofe root Is a- or 
sfe^nds to « x « dimenfions, the fum of its roots depends on 
the terms of « and « - i dimenfions in the one, and m aj.ii4 
m - I dimenfions in the other equation, &c. It is alfo'aflfertad, 
in Mifo«ih that if three ^Jg^iu'aicai equatiooa qf R, vip 
r 4iqfie«fipnf oontaift three ujjhpown quapt^};ie^ aad 
?j, the equation, whole togt ia qfj ot *, ifc«»«p!G 

more than n,m .r dimeufioh^* H- Mr, BpjtQWT h%% giv^q 
two very el^*njt propofitiojia fw ffli 4 ‘pg the 4 ^mmlk>mf 9 £ ife» 
equatiott whofb toqt is a? ary» ^ ; where ^ aw WJcf 
known quaatitiw owiNiine4 iq twq or more <^)' a%ebf^w®i 4 
equalions of ,ir, r, 4 f«» dimenOons^^ iin^ in whigh fomp irf 

the unknown quantities do nqt afeenej to the above w, f, <r, &c. 

dimenfions 
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refpeili'^dy. In icmonftrating; theft propolitlon# 
he tjfta one (kmolHj^ others) before given by me (viz. Jf an 
equation df A dimenfions (jootains m unknown quantities^ tho 
number of difftrent terms which may be -contained in it will 

he B*+ li . ^ Medit. 17^0 there is 

giv<Mi » Wethod of finding »n many cafes tho diipoufions of the 
equatioA, wisoCe root ia ;r oty* fiijc. ; from whiph one, if not 
b^h* of the abovo-roantioned cafes may more e^ifi}y he deduced, 
and t>ther* added, i#, Jn the i; 79 > iA .nhftrved, that 
if there ho « equfttian?, containing wt unjlpno^y^ quantities, 
wfeerf -i# is grower than n», . there wiu equations of 

CQRdkfenik* drd, ifiK In tho Mifoelh i^ glvon; and dernon- 
firmed. thft fuhfoqwh*^ propofiiw if .tw orjuatjona, con- 

tain two uninK>w» ;qtttotitios * and j, in, which * and y are 
finwlariy iuvcdwd.i tho equation, wbofo rppt is * or y will 
hayo twieo the .»iutx\her of rows winch thqcquation, wboft 
rx»«^.ia<*^+yii ha#% .ia tho MF»^i*n;tH° the fume 

ii^nk^ds aFg)li^rtoeq»»tio»s^ which l)q?<#e,two» three, four, 
qiuMithios fwpilarJIy wvoMe.dv CJa-wtrs-eh^ 

doAf ifwed^'hoaoue \f> dfemoaftwte my method of findiugthe 
wutpher of adifoaiafStve; snd aega^ive roots cont^dacd in a biqi^a- 
dcfltiq if qwtipO. Al desoouftratjoiv : of my tula .foe finding tho 
wmtm of afe-mwtive, . Wi^tivfti -g^^^ roots contained 

ift.lh? ^;4^tWa U^.q i^a^focunitted, 00 accaunt of its. 

qafh^ifngthn Ffotftvthe the ipveftigatfon of finding th^ 

ij-qeqinmhfflcf a^rili^tiveaiid-aq^divwroots^ppearsto be aa diffi^ 
qph;%prgfdfrqffifthe)fodi(^ifc|i!qq^^ wofo I 

and h; fowdier tifo ftw^mon suetbods in both ofo^ 

qi^ifoldqwi h« dfisfidfd thoh fonJts dtffercnt^^K 
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the one gtjnej^I^ finds too the cdw?c few* Ip 

the Medit. 1770, from the number of ptf^ble rootiyip A 
given equation (r - + &c.,= o) is foun^ th^jpumher of,^- , 
popbp roots in an equation, whofe roots (v) hAv<^ any afligi^-, 
hie relation to the roots of a given equati<^ ; and examples 
are given In tHe relation (nx*~‘ -n - 1/*^ + &:c.e=:v) ; and 
iii an equation, whofe roots are the Iquarcs of' the dif- 
ferences of the roots of the given equation. 1 9. It ts obfelved 
in the Medit. 1770, that in two or more equations, having 
two or more unknown quantities, the fame irrationsdky willbe 
contained in the correlpondcnt values of each of the unknown 
quantities, unlefs two or more values of one of them are 
equal, &c. The fame obfervation is aUb applied to the co- 
efficients of an equation deduced from a given equation, ao. 
In the Mifcell. was publiihed a new method of exterminating,* 
ftOm a given equation, irrational quantities, by finding the 
the multipliers, which, multiplied into it, give a ratbnal pro- 
dttdb. 21. In the Medit. 1770, are given the dMFerent relblu-' 
dons of a certain quantity («* 4* and into 

qmmtities of the fame kind. aa. Mr. »e la Grange has very 
d^antly demonftrated Mr. Wilson’s celebrated property of 
priiiae numbers contained in my book. In the laft edition of the 
Medih the lame property is demonftrat«l, and fome fimilar' 
ones added. 23. In the Mifcell. is g^ven a method of finding 
all the integral correlpondcnt values of the unknown quantities* 
of a given fimplc equation, having two or more unknown 
quantities; and, in the Medit.' i ^'70, are given methods of re-* 
duebg fimple and other algebraical equations Into one, fo that' 
fome unknowfi quantities i«ay be exterminated; and if the 
unknown quantities of the refulting »juatioos be inttytahdr 

rational. 
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raBoatil, the unknown quantities exterminated may alfb be 
integral <w rational. 24. In the Mcdit. are given rules for 
finding the different and correfpondent roots of an equation, 
whole refolution is given. *5. Mr. de la Geange has recom- 
mended my new transformation of equations, publilhed in the 
Milcell, which perhaps is not kfs general nor elegant than any 
yet publilhed ; and in the Meditat. 1770 is given a method very 
uleful in finding the co-efficients. 

If cither here, or in the preface to the Mcdit. Algebraicae, 
I have afcribed to myfclf any algebraical, or in the properties 
of curve lines any geometrical, or in the Medit. Analyt. any 
analytical invention, which has been before publilhed by any 
other perfon, I can onjy plead ignorance of it, and lhall on 
the very firft convidtion acknowledge it. 

I mull further add, that I have been able to carry my alge- 
braical improvements Into geometry; for from them, with 
fome geometrical principles added, | have (unlefs I am de- 
ceived) deduced as many new properties of conic ledlions and 
curve lines as have been publilhed by any one fince the great 
geometriciau Apollonius. 
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itXtX. An Account of a remarkahk Prof ou Jj^e 23^ of 
1783. In a Letter from the Rev. Sir Ijohn Cutlum, 
F. R. S, and S. A. to Sir Jofeph Banks, Bart. P. R. S. 


Read Maf 27, 1784. > 


0 E A « s T *1 M«Mwiek.|mfci,» 

^ ’ ]Nov. 10, 1783. 

W HEN I had the pteafure feeang you in London, in 
the autumn, and mention^ a fro^l that happened in 
my neighbourhood on the 23d of laft June, you exprefled a 
defire of receiving fotne particulars about it. 1 therefore now 
^d you fome memorandums which I made at the time. 

About fix o’clock, that morning, 1 obferved die air very 
mnch condensed in my chamber-window j and, upon getting 
up, was informed by a tenant, who lives clofc to my houie, 
that finding himfelf cold in bed, about three o’clock in thfe 
morning, he looked out at his window, and to his great fur- 
prife faw the ground covered with a white froft : and I was 
afterwards aifured, upon indubitable authority, that two men 
at Barton, about three nfiles off, faw between three and four 
o’clock that morning, in fome diallow tubs, ice of the thick- 
nefs of a crown-piece, and wMc^' was not melted before fix. 

This unlealbnable froft produced Ibme remarkable efie^s* 
The ariftae of the barley, which was coming into car, became 
brown and withered at their cxtiemkies,' as did the leaves of 
the oats •, the rye had the appearance of being milifcwed j fo 

that 



t^#i^ <HFn[*6fS WCF© Ji|^rrnc4 fop th«fe CFop^ The wheaf 
Wai not miKh affe&cd, T^e }aFch, Weymouth p'uie, aiKi 
hardy Scotch fir, had the tips of theit tcafea withered ; the 
firil was jparticularly damaged, and m4de a fhahhy appearance 
the reft of the fummer. The leaves of fome aflies, very 
much ftjeltcred in my garden, I’ufFered greatly. A walnut-tree 
received a fecond (hock (tlie firft was from a (evere froft on the 
jdth of May) which completed the ruin of its crop. Cherry- 
trees, a ftandard peach-tree, filbert and hafel-nut trees, (hed 
their leaves plentifully, and littered the walks as in autumn. 
The barberry-bu(h was extremely pinched, as well as the hy- 
pericum perforatum and hirfutum : as the two laft are folfti- 
tial, and rather delicate plants, I wondered the lefs at theii 
fenfibility; but was much furprifed to find, that the vernal 
black- thorn and fweet violet, the leaves of which one would 
have thought muft have acquired a perfect firmnefs and 
ftrength, were injured full as much. All thefe vegetables ap- 
peared exaflly as If a fire had been lighted near them, that had 
(hrivelled and difcolourcd their leaves : 

— penetrabile frigus adurU. 

At the time this havock was made among fome of our hardy 
natives, the exotic mulberry-tree was very little affefted; a 
fig-tree, againft a north-weft wall, remained unhurt, as well 
as the vine, on the other fide, thougk^uft comingjnto hloflTom. 
I fpeak of my own garden, which'; is high; for in the low 
ones about Bury, that is bdt a IMe off, the fig-trees, in par- 
ticular, were very much cut: and, in general, ail thofe gar- 
dens fuffer more by froft than mine. 

Some weather, that was cold for the time of year, had pre- 
ceded this froft. On the lift the thermometer had, at no 
time of the day, rifen tp do" ; on the iid, at ten at night 
VouLXXIV. lii 
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had funk to 50^ On rhe lad day, and on the a|d( di(a{»{watie(f 
chat dry haze, which had taken 'place £oaae days before, and 
continued , to blot out the face of the fun for fo long a time 
afterwards. After fun- let on the 24th it appeared again, and 
tlie next day the leaves of many vegetables Were covered with- 
a clammy fweetnefs. • * 

The above flight notes were taken in my garden and its en- 
virons; and I wifh they may afford you the fmalieft enter- 
tainment. If you fhould think them worth the attention of 
the Royal Society, difpofe of them accordmgly. So feverc a 
frod, at fo advanced a feafon, is certainly not one of the leafl 
lemarkable among the atmofpherfcal pliaenomena of this year, 

I remain, dear Sir, 

Your much obliged and faithful fervant, 

JOHN CULLUMi 
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XXX. 0 « ^ ntw Metht^d of preparing a feji Liquor to Jhew the^ 
Prefenee of Acidt and Alkalies in chemical Matures. By Mr, 
James Watt, Engineer ; communicated ly Sir Jofeph Banks, 
Bart, P» R% S, 


Read May 27, 1784. 

T he fyrop of violets was formerly the teft of the point of 
faturation of mixtures of acids and alkalies, which was 
principally, uied ; but iiuce the late improvements in chemiAry 
it has been found not to be fufficicntly accurate, and the infu* 
(ion of tourneibl, or of an artificial preparatkm called litmus, 
have been fubflituted in the place of it. 

The infufion of litmus is blue, and becomes red with acids. 
It is iendble to the prefenee of one grain of common oil of 
vitriol, though it be mixed with loooop grains of water; 
but as this infufion does not chan^ its colour on being mixed 
with alkaline liquors, in order to difeover whether a liquor be 
neutral or alkaline, it is ueceiiaiy |o add (bme vinegar to the 
litmus, (b as juR to turn the infuhon red, which wili then be 
reftored to its blue cqlour, by b<^bg mixed with any alkaline 
liquor. »The blue ikfu%wa,(^,|^us is alfo a tell of the pre- 
fence of fixed air in wat^f, wm which it turns red, as it does 
with other acids. 

The grwt degiee of feufibiliii’ of this tell would leave very 
little leafim .to fiarch for any other, were there reafosi to be- 
lieve that it is always a ted of the exa^ point of fatunuion of. 

Ilia acids 
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acids and alkaHes, which th« following faSt feemifo call in 
qucftbn. 

I have obferved, that a . mixture of phl^lHcated nij:pus 
aci^ ^th an alkali will appear to be acid, hy the tell of lit- 
mus, v'rhen other tefts, fuch as the infufion of the petals of 
the’' fcarlet rofe, of the blue iris, of violets, and of other 
flowers, will Ihew the fame liquor to be alkaline, by turning 
green fo very evidently as to leave no doubt. 

At the time I made this difeovery, the fcarlet roles and 
feveral other flowers, whofe petals change their colour by acids 
and alkalies, w'ere in flow^er. I ftained paper with their juices, 
diad foulid that it was not afFeiled by the phlogifticated nitrq^js 
acid, except in fo flir as it a£Ved the part of a neutralizing acid ; 
but I found alfo, that paper,, flaiued in this manner, was by no; 
nfcans fo eafily affeded by acids of any kind as litmus was, 
and that in a fhOrt time it loll: much of that d^rec of fenflbi- 
lity it polfefled. Having occafion in winter to repeat forr^ eX- 
peficbeBts, in which the phlogifticated nitrous acid was con- 
c^tned, I found my ftained paper almoft ufeiefs. I was, therein! 
fore, obliged to fearch for fome fubftitute among th© few vege« 
fablei' #hich thenexifted in a growing ftate; of theft 1 found 
the iffed cabbage {Wajfioi rubra) to furnilh the beft teft, and i*' 
its fr«fh ftate to have more ftnfibility both to acids and alkaiie* 
thadf itentfs, and tb afford a itfore decifive teft, from itsbeiiig 
natundly blu^ tufning green with jflkalies, and red with acids j 
to wlhich is joimsd the advantage of its not being afiefted by 
phlogiftickted nitrOuS acid any forther than it a^a as a real aCid. 

To extrad: the colouring matter, take thofe leaves of the ci^W' 
bage; Which are frteflieft, and have fnoft coloi#-j Cut out’ ^e 
larger ftCebs, arid mince the thin parts of the loaves 
tt^ d%eft them in water, abOdt the heat of lio dCgfoesj lb*'* 
3 a few 
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a few hours, and tl^y will ^Id a blue liquor, which, if ufed 
immediately as a teft, will be found to poflcfs great fenfibility. 
But, at this liquor is very fubjefl; to turn acid and putrid, and 
to lole its feofibility, when it is wanted to be preferved for 
future ufe tlie following procelfes fuccecd the beft. 

I. After havK.g minced the leaves, fpread them on paper, 
and dry them in a gentle heat; when perfectly dry, put them 
up in glafs bottles well cbtked; and when you want to ufe 
them, acidulate feme water with vitriolic acid, and digeft, or 
infufe, the dry leaves in it until they give out their colour j 
then ftrain the liquor through a cloth, and add to It a quan- 
tity of fine whiting or chalfa, ftirring it frequently until it 
becomes of a true blUe colour, neither inclining to green . nor 
purple ; as loon as you perceive that it has acquired this colour, 
filter it immediately, othcrwife it will become gi^nilh by 
lotiger {landing on the whiting. 

'iTiis liquor will depofite a fmall quantity of gypfum, aixl 
by tire addition of a little fpirit of wine will keep good for 
fome days, after which it will become a little putrid and rcd- 
difh. If too much fpirit is added, it deftroys the colour. If 
tlie liquor is wanted to be kept longer, it may be neutralized by 
means of a fixed alkali inflead of chalk. 

1. But as none of thefe means will preferve the liquor long 
without requiring lo' be neutralized aftefh, juft before k is ufed ; 
and as the putrid and acid fermenmtion which it undergoes, and 
perhaps the alkalies or fpirk of ww mixed with k, feem to 
leften its (enfibility; in order to preferve its virtues while k is 
kept in a liquid ftate, fome frefti leaves of the cabbage, minced 
as has been directed, may be tnfufed in a mixture of vlefiolic 
tiCid and water, of ^ut the of acidity of vinegar j iSttd 

it may be neutralized, as it is wanted, either by means of chalk, 

or 
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or of the fised or volatile 4k«lb But it ii ftecefiary to ohlWve* 
that if the liquor has an excefs of alkali* it will foon lote its 
colour* and become yellow, from which ftate it cannot be 
ndloted; therefore care Chould be taken to brit^it veryexadtly 
to a blue, and not to let it verge towards a green *. 

, 3. By the fame procds I have made a red infuiion of violets* 
which, on being neutralized, forms at prefect a veiy fenfible 
tift ; but how long it will prefcrvc its properties I have not 
y^et determined. Probably the coloured infulimrs of other 
^wcrs may be preferved in the fame manun*, by the antifeptic 
power of the vitriolic acid, fo as to lole little of their original 
fondbiUty. Paper, freth Gained with theie tefoi in their neutral 
Bate, has fufficieoC fenfibiUty for mwy experiments ; but the 
alum and glue which enter into the preparation of writing* 
paper feem in fome degree to fix the cobur j and paper which 
is not fixed becomes fomewhat tranfparent, when wetted* 
which renders fmall changes of colour imperceptible ; fo that 
where accuracy is required, the teil Oiould be ufed in a liquidi 
Ibtof. 

^ Since writing the shove, I have found, that the infuitons of red cabbages 
and of Yartoos dowers in water acidulated by means of vitriolic acid, arc apt to 
tumrboulldy In the ftimmer feafon* and alfo that the moulding is prevented by the 
of Iptrita of wine. The quantity of fpirit which is necelTaty for this 
porpo^ 1 have n^t been able toafcertain; but X add it b^^litUc at a time, until 
the prc^efs of the moulding is prevented. ' 

f I have found, that the petals of the fcarlet rofe, tid thofo uf the j^k* 
icnlettred lyehuii, tinned ju this mannefi albrd very fenfible 
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XXXL An Account of a new Plants of the Order of Fungu 
By Thomas Woodward, Efy i communicated hy Sir Jofepb 
Sanks, Bart, P. R. S. 


Read June lo, 178^ 

Planta novm Defer iptio ~ an Genus novum t 

Radices paucae ; tenues ; albtdae. 

VolVa ovata ; duplex, mucilagioe interpe^ta ; fubalbida.. 

Stipes, e volva interiore furgens, fublignofusi cavus;; 
cortice lacerato veftitus } fubfufeus. 

Capitulum, Aipitis fummitati inlidens, reflexum; fubtua 
campanuiatum, glabrum r &ipeme pulvenilentum, et, e 
pulveris crallttie, globiforme;. volvae ruptee iimunita’^ 
tern, minime adhaerentem, in fe gerens. 

Pulvis rphaericus ; letnipellucidus ; luteo>i^rcus. 

THIS cxtraordinaiy vegetable produdrion arifes from a volva,. 
which is buried iix or eight inches deep in dry iandy banks 
and, coni^uently, it is extremely dUUcidt to detedt it in its 
eadieft ftate». At ils firft appearance abc(lt|||roundi the pow- 
dery h^ul’ is covered with a I00& campanukted cap, which' 
does not adhere by atiy the fmalleift filaments ; and which, f 
fnppofe, «o be t^ upper part of the volva, as both always 
appear ragged wheif‘ taken up. When- the plant is taken u^ 
immediately on its appearing above ground, the fhsm is abouf 
fiet or eight inches long; and, as well, as the volva, replete 

with 
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wijh mupljage, making if m«ch heavier fhaif when It ha« 
attained its full growth, This js the ftate to which the de-^ 
fcriptioit given above refers. The duff is now perfedly formed, 
and is difperfed by the flighteft touch, or by the wind. A 
great alteration foon takes place, as it now proceeds very rapidly, 
and in a few days attains the llimmit of its growth, which is 
from nine to fifteen inches, more than half being generally 
buried in the ground. The ftem becomes woody, though 
hollow, the bark ftill more ragged, and the wliole plant much 
lighter, both volva and flem being now cjuite dry, and free 
from mucilage. The wind and Ihowers foon difperfe the 
greateft part of the duft ; and at length the ftalk appears with 
a naked, coriaceous, campanulated pileus, and confiderably 
bleached, in colour and appearance not unlike a dry flalk of 
hemp In this ftate Ibme of them are now to be found (Aug^ 
a8, 1783) with plants of this year rifing near them. 

Mr. Humphreys, of Norwich, who firft found this very 
extraordinary plant, met with it only in the ftate laft de- 
feribed, and without difeovering the volva ; fo that no judge- 
ment of it could be formed. It has been taken by fome per- 
fons for a decayed or abortive agaric ; but that opinion could 
not be maiutaioed by any one who had feen it in its recait 
ftate. . j 

I firft met with, February or March 1783 in its dry 
and withered it was fufpefted, though with little 

appearance of *|||||^^, to be a decayed Agaricus procerus, I 
wiflied to examine the root carefully, in order to obferve whe- 
ther it was bulbous. The bulb of the Agaricus procerus is 
fcarcely hidden under the furface, and I was much lurpri^ 
at the depth tp which I was obliged tp feai^ for dte root of 

thb 
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this plant ; at length, however, removing the earth carefully 
to the depth of feveu or eight inches, I met with it, and to 
my great pleafure and furprite, on raifmg the phut, I dli'co- 
vered the volva, which was fo unlike the fugitive one of the 
agaric, that I was immediately convinced it mull be fomething 
new. 

An account of this was directly fent to Mr. Dickson, of 
Covent-Garden, an able botanift, and diligent enquirer after 
the clafs Cryptogamla. Mr. Dickson, who had before feeu it 
in the ftate in which it was found by Mr. Humphreys, but 
could make nothing of it, though thoroughly' convinced it was no 
agaric, immediately requclled that I would watch the Ipot, and 
endeavour to detedl the plant in its earlieft appearance. I com- 
municated this to my neighbour Mr. Stone, a moft diligent and 
Ikilful botanift,who firft reftored theLycoperdon coliforme; and 
we determined to examine the fpot carefully together, from the 
month of Auguft downward. About the naiddlc of Auguld 
we firft difeovered a plant juft arifen, which was fent to Mr. 
Dickson, and a full defeription of which is before given ; but 
though we have daily vifited the fpot fiuce, we have never 
been able to find it again in fo young a ftatc j for fo rapid ap- 
pears to be its growth, that we have found plants of two or 
three inches height above the ground, the ftems of wliich had 
loft part of their mucilage, where the day before none had been 
vifiblc. We have tljreeor four times attempted to difeover the. 
volva in iti earlieft ftate, by reprjpving the earth carefully nea^ 
the old ftems of the preceding year ; but this has been without 
fuccefs : and there is little Iiope of fucceeding in it, as the 
volva lies very deep hi the ground, and the plant arifes at fuch 
various times. • 

V0L.LXXIV. Kkk , this 
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This plant agrees with the genus PhaUm in its voiva, whicb 
has a double coat replete with tnucilage; and its llipes crowned 
with a refiexed pileus. But it more nearly approaches the 
genus Lycoperdon, by its head covered with a thici: duft, con- 
tained in a fubftance of a Ipongy appearance, and by the fornx 
of the duft, which agrees perft:(Sly with that of moft of the true 
iWrdons. when examined in the microfcope. To this genus 
nauft at prefent probably be referred, though the total want 
of an exterior coat prevents its agreeing with it fo perfeGIy as 
ought. 

The Mucor * fepticus of Hudson and Lightfoot (Mucor 
dvatus of ScH*yfJE|^ ; the Mucor * butyraceus of Schjeffer 
not ta%*l*^®lce of by either HtnsoN br'MGHTFooT,. 
ihut which Ihatfe oljj pp ibiBnd here ; ahd the * epi- 

|4indrum of i tth*^#bnt Hudson 

||kUs Lycof^^^j^^^hyllem, as he ’^5 the fame- 

j^ate of (j' 93 .;Mucor fra^fe|^s|| ,^1111111 all fome 

^Siraty with tK%0^iificate of this pfeipt;-;^,«^'<|»more fo, 
we fuppofe the head to be at firft covered wftltw'^mucilage, 
’^hich afterwards turns to a dull; but this will hardly be ad- 
ilbitted, as the plant fentUSn Mr. DicRsoN had the dull per- 
f^ly formed, though tliip! 'jfOlva and ftem were both replete 
^th mucilage. But dlbnot admit it to ^ee with any Of 
tlieie laft mentioned plant's, as they have all an extferior coat, 
tiiough veiy fUgitive, of whidb this feems entirdly deftitutc. 

il^e may add, that they j0fei'i|l^ very fugitive pnbduflions; 

i» 

* I cannot hdp obferving that, t^nios. Haiak* haa done more rightly 
» making thefe into a new genat t^ o»r botanifia, who have jumbleA 

nhero with the genera wM tii^ IMw fivat i^ity 

noI% than the Spheria hf'Wiii.t*, tihewift very tnapri^periy'lMid vrilth the 
Lycoperdons and Clavarix. *. . 

7 ’ wheitas 
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whereas this, though Toon arriving at urity, k of a woody 
and permanent {irud;ure.. » 


P. S. In a letter Mr. Dickson received from Mr. Woodward, 
Feb. 12, 1784, he informs him, that he is quite convinced by 
fome late obfervations, that the above-mentioned plant fre- 
quently comes to a ftate of perfection before it reaches the fur- 
face. The only difference to be obferved is, that the duft in 
that cafe is of a darker colour, which he fuppofes is owing to 
its not being expofed to the air. 
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XXXII. Experiments to inwjii^ate the Variation of Local Heat. 
Bv Jnmes Six, E.jq. ; communUated by the Rev. Francis- 
WoUarton, LL.B. F. R. S. 


Rend June lo, 1 784. 

B eing defirous of lavefligating the variation of local 
heat, I made the following experiments. 

On the 4th of September, 1783, I placed tlicrmometcrs In 
three diderent Rations ; one on the top of the high tower of 
Canterbury Cathedral, about 220 feet from the ground ; ano- 
ther at the bottom of the fame tower, at about no feet; 
and a third in my own garden *, not more than fix feet from 
the ground. They were all carefully expofed to the open air 
in a fhady northern afpe<3: ; the lowdl was as little liable to be 
afiefted by tiie reflexion of the fun’s rays as the elevation 
would permit, the fecond Rill lefs, and the higheR not at all. 
They continued unremoved in their feveral places, where I 
vifited them dally for the fpace of three weeks, and minuted 
down the greateR degree of heat and cold that happened each 
day and night in their relpe£l:ive Rations +. 

* This garden is fituatc not far from the Cathedral, at the extremity of the 
buildings on the north fide of the city. 

f The thermometers here made ufe of were conftru^ted to fliicw the greateft 
dcgiec of heat and cold which happened in the obferver's abfcnce (deferibed Phil. 
Tranf. voU LXXII. part L), which rendeied them particularly convenient on this 
occahon. They had hung together fur fume time, and fcldom differed’ half a 
degree from each other. 
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By thele obfervations it appears, feeTable I.that,notwithfland« 
iiig fome irregularities, the heat of the days at theloweft ftatiou 
always exceeded that at the middle, and ftill more the heat at tlie 
upper ftation. As in many inftiuices the higher regions of the 
atmofphere have been found to be colder than the lower, and 
the thermometer in the garden w’as more liable to be heated by 
the reflexion of the fun’s rays from the earth than the upper 
ones, a difference of this kind might have been expedted. But 
I was greatly furprifed to find tlie cold of the night at 
the lowefl, not only equal to, but, very frequently, ex- 
ceeding the cold at the higher ftations. As I willved to know, 
whether thefe variations would continue the fame in the win- 
ter, when the weather was colder ; and whether a thermo- 
meter, placed at fome diftance from the city, having an eleva- 
tion equal to that on the top of the Cathedral tower, would 
agree with it; on the 19th of December, 1783, 1 difpofed 
the three thermometers in the following manner : one in my 
garden ; one on the top of the high tower, as before ; and the 
third on t!ic top of St. Thomas’s Hill, about a mile diliant 
from the city, where, at fifteen feet from the ground, it was 
nearly level with that on the Cathedral tower. Table II. con- 
tains the obfervations that were then made *, Tlie weatlier 
at this time proving cold, favoured the experiment ; and I now 
found the feveral thefmometers nearly agreeing with each other 
in the day-time ; but in the night, the cold at the lower fla- 
tion exceeded the cold at the higher ones rather more than it 
did in the month of September, when the weather was 
warmer. 

* The few omiiCoNS jn this Table were occafioned by t!ie feverity of the coid 
jpricventmg my amending at a proper tin?c the thermometers, v-vluch were at a 
confidcrablc diftancc from each others. 


At 
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At the tioie of taStiag theie theimenaettical obfervatumt, 1 
likewife noted the different dtfpo^ltifKis of the ttraofphcic in; 
other refpeds : fach as the preflure, mmfenre, and drynefeof 
the air ; force and diredkion of the winds; quantity of raini 
whetlier the appearances of the fky weie clear or cloudy, &c. 
as 1 apprehended the local variation of the thermometers might, 
in a certain degree, correfpond with fomc particular change in 
the ftate of the atmofphere. 

The event anfwered my expeftation in a lingular manner 
in refpe<^t to the nofturnal variation ; for it generally happened, 
that when the fky was dark and cloudy, whatever was the con-, 
dirion of the atmofphere with 'relation to the other particulars 
above enumerated, the the miometers agreed pretty nearly with 
each otlier ; but, on the contrary, whenever the fky became 
clear, the cold of the night at the lowefe ftation in the garden 
Conftantly exceeded the cold at the top of the Cathedral tower, 
where the inftrument was placed aao feet from the ground, 
entirely expofed to the open air, wind, dews, and rain, in 
a fhady northern afpeft. 

The local variations in the day-time feemed to be regulated 
by the general degree of heat oifly, without being affei^ed by 
any other particular difpofition of the atmofphere, or the clear- 
nefs or cloudynefs of the fky, aa tlie noQrurnal variations were. 
In the month of September, when the gla^fes rofo from 6o“ to 
70°, the heat at the lower ftation conftantly exceeded the heat 
at the upper dftaiion ; and in fomc meafure iprq>cirtionalIy, as 
the weather •'WftahotJtjsr *. In December and January, when 

* As the heat at the lower ilatfon exceeded the Iteat at the tipper onei^ vlifii 
the weather was hot s and equally fo, whenever the fky was cloudy, a# well a§ 
when it was clear; it appears, that the glafs at the lower ftation was not mate- 
rially affected by the refiedion of the fnn^s rays from tht earth, as at iirft I 
•apprehended it w^ould be. 


from 
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from below |0® they feldom rofe to 40S the local variaticfi in 
the day*dme nearly cealedt or was found in very fmall degrees 
inclining fometimes one way, fcnnetimes the other. 

That the ckarnefs of the Ikv Ihould contribute to the cool- 
.nefs of the air in the night, is not at all furprifing ; but that, 
whenever the (ky becomes clear, the cold Ihould feem to arifefrom 
the earth, and be found in the greateft degree, as long as it con- 
tinues clear, in the loweft fituation, leemsa little extraordinary : 
this, however, appeared to be the cafe, both in the warmer as well 
as in the colder weather, during the whole time thefe obfervations 
were taken, and remarkably fo on the following days. Oh the 
firft of January the weather was cold, the Iky cloudy, the glaifcs 
in the night were at 20°, and in the day at 34" : the wind 
which had been at S.E. the day before, changed in the evening 
to S. and brought on a thaw. On the focoud of January 
clouds and mifty rain darkened the iky all day ; the wind 
blew brifkly at S.W. ; the glafles in the night were at 32®!, in 
the day at 40®. On the third of January the clouds and rain 
continued, the weather growing jftill warmer; wind at S.W. 
by S. ; the glafles in the night were at 36°, in the day at 45®!. 
Thefe three days the weather gradually became warmer ; and, 
while the iky remained darkened by clouds, all the glafles in 
their feveral ftations nearly agreed with each other. About 
nocMi, on the third of January, the flky becoming clear, the 
air grew cooler ; and going into my garden, about eight o'clock 
in the evening, I perceived the furfoce of the ground, which 
bad been wet by the rain in the forenoon, began to be froaen. 
Looking immediately at the thermometer, I faw the mercury at 
33°i ; and obforvbg a piece of wet linen hangmg near the 
glafs, not five feet from the ground, I took it into my ban^, 
an4 found it not in the kail; frozen ; by which it appeared, 

that 
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that the degree of cold which had frozen the furfac® of the 
ground, had not then afcgided to tlie glafs, nor to the linen, 
and confequently had not been communicated to the air five or 
fix fiset above the earth. The next day I found, as 1 .expected, 
a COfifiderable local variation ; the index for the cold of the 
night in the garden being at 32°, that on the hill being 
ajt, 35°|, and that on the top of the tower at *. 
Probably the weather did not continue clear the whole 
night ; if it had, it is likely the degrees of cold would have 
been found proportionally greater at every ftation. On the 
morning of the 4th there fell a mifty rain, which continued 
only till noon, when the iky became clear again, and con- 
tinued fo till the 7th'; during which time the nodlurnal heights 
of the thermometers differed confiderably from each other; 
but on the fky’s becoming cloudy, the local variation ceafed. 

Thermometrical obfervations, made under tire fame cir- 
cumftanccs in refpedl to the feafon of the year, place, and 
fituationf, may probably be liable to fimilar local varia- 

* It is remarkable, that the thermometer on St, Tliomas’s hill did not vary 
fo much from that in the garden, as that did which was on the Cathedral tower, 
although thefe two elevated gUfTcs were within three feet of a level with 

each other ; the variations, however, as often as they happened, inclined the 
fame way. The rcalon of this might probably be, that although the glah on the 
hill was at an equal altitude with that on the tower, in rcfpcfSl: to the ground on 
which the Cathedral ftands; yet the former was only feet, while the latter 
was 220 feet from the ground, 

f Situation b to hill or valley. The valley b which C^imcrbury ftandi 
itnt that pbee about n mUf b breadth, opening to the N^I. ; the hills on either 
jfidc do not liiddfU, nor very high; t|ic river Stpur, divided into branches, 

paffes through th^ city, and, abopt fourteen miloi below, empties itfelf into the 
fea, which wa(he» fbe coaft from the NN*W. round by the E# to the S, ; diftant 
from the city at different places from fit to fixteeil miles, 

2 


tiotis 



the Variation of Local Beat, 

tlons ; to thofe who make them, the refult of thefe experiments 
may be of fomc ufe. If convenient opportunity offered, I 
Ihould be glad, by the afliftance of friends, to try the local 
difference of heat and cold In more diffant, as well as more 
elevated, fituations. 

By experiments of this kind it may poffibly In fomc mca- 
fure be found, how fir evaporations from the earth, at certain 
times, or vapours afeending, defeending, or meeting, in dif- 
ferent parts of the atmofphere, may increafe or dlminlfh the 
heat of the air in thofe places : or whether different degrees 
of heat and cold (fubjeff however to change) may not be found 
In different ftrata of air, or vapour, floating in different parts 
of the atmofphere ; or in ivhat degree and proportion, the cold 
incrcafcs at different altitudes and in different feafons of tho- 
year : whether the cold, vvhicli is known to be very intenfe in 
the fummer time on tlie tops of high mountains, receives a 
proportional increafe, or be not lefs fubjeft to variety by the 
return of winter and fummer, night and day, than what we 
cxperienfce in the plains below. 

March lo, 1784. JAMES SIX. 
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Mr. Six’s Experiments to invejligau the Fanation of Local Heat. 
table I. 

The greateft dally variation of heat and cold in the atmofphere, from the 4th to the 24th of September 
1783, taken from three different ftations, and compared together. One thermometer placed on a 
tow'er in Canterbury, 220 feet from the ground ; another at the bottom of the fame tower, 1 10 ; and a 
third in a garden, about fix feet from the ground. N. B. The nocturnal degrees of cold belong to the 
night immediately preceding the day to the date of which they are placed. 
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TABLE IT. 

The greateft daily variation of heat and cold in the atftiorpl:^re* from the 20th of Decamber, 1783, to the 
8th of January, 1 784, taken from three diffeient ftations, and compared together. C^ie thetraometer 
placed on a tower in Canterbury, 220 feet from the ground; another on a hiih a mile diftant, but On 
the fame level with that on the tower ; a third in a garden, about lix feel from the ground. N. B. The 
nofturnal degrees of cold belong to the night immediately preceding the day to the date of which 
they are placed. 
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XXXIII. Account of fome Obfernatlons tending to invejligate the 
Conjirudilon of the Heavens. By William Heiichel, 

F. R. S. 


Read June 17, 1784. 

I N a former paper I mentioned, that a more powerful in- 
ftrument was preparing for continuing my reviews of the 
heavens. The telefcope I have lately completed, though far 
inferior in fize to the one I had undertaken to conftru(£l when 
that paper was written, is of the Newtonian form, the objeft 
fpeculum being of ao feet focal length, and its aperture 18 ^ 
inches. The apparatus on which it is mounted is contrived fo 
as at prefent to coniine the inftrument to a meridional iituaCion, 
and by its motions to give the right-afeenfion and declination 
of a celeilial obje( 51 : in a coarfe way ; which, however, is fuf- 
hciently accurate to point out the place of the objed, fo that it 
may be found again. It will not be neceflary to enter into a 
more particular defeription of the apparatus, iince the account 
I have now the honour of communicating to the Royal Society 
regards rather the performance of the telefcope than its con- 
Rrudion. 

It would, perhaps, have been more eligible to have waited 
longer, in order to complete the difeoveries that feem tp lie 
within the reach of this inftrument, and are already, in ibrae 
rel'peds, pointed out to me by it. By taking more time I 
ould xmdoubtedly be enabled to fpcak more confideiifay' of the 
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interior conJiru5lion of the heavens, and its various nebulous and 
Jidereal Jirata (to borrow a, term from the natural hiftorian) of 
wliich this paper can as vet only give a fvw outlines, or rather 
, hipfs, As an apology, however, for this pivmaturity, it may 
be laid, that the end of all dlfcoveries being communication, 
we can never be too ready in giving fafts and obfervations, 
whatever vse may be in reafoningupon tliem. 

Hitherto the lidereal heavens have, not inadequately for the 
'purpofc deligned, been reprefented by the concave furface of a 
I'phere, in the center of which the eye of an obferver might 
be fuppofed to be placed. It is true, the various magnitudes 
of ^he fixed liars, even then plainly fiiggefted to us, and would 
have better fuited the idea of an expanded firmament of three 
diii^nlions ; but the oblervations upon which I am now' going 
to .eptcr Hill farther illuftrate and enforce the uecefllty of ocTn- 
li4enng the heavens in this point of view. In future, there- 
fprp, we Ihall look upon thofc regions into which we may 
nqiyv^penetrate by means of fuch large telcfcopes, as a natu- 
ralift -regards a rich extent of ground or chain of mountains, 
coptaining ftrata varioufiy inclined and direfled, as well as 
confiiling of very different materials. A furface of a globe or 
map, therefore, will but ill delineate the interior parts of the 
heavens. 

It may well be expelled, that the great advantage of a large 
i>|)erture would be mofl fcnfibly perceived with all thofc obje£ls 
that require much light, llich as the very Imall and immenlely 
dlflant fixed liars, the very faint nebulie, the clofe and com- 
prefled clufterspf liars, ai>d'the remote planets. 

On applying the fclefcojpe to' a part of tlie v/rr iaSiea^ I found 
th^t it completely rcfolved the whole whitilh appearance into 
Imall liars, which thy former telefcopes had not light enough 
3 ‘0 
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to effcd. The portipii of this, e^te^five tra^l, which it has 
Iwtherto beeti convenient for rnfs to obforvc, is that immediately 
about tlje hand and club of Orion. The glorious mnltitvjdc 
of flars of all poflible fizes that preiented themfolves here to 
niy view was truly a{\:oniihing ; but, as the dazzling brightoefs 
of glittering ftars may eafily jniflead us fo for as to eftimal;e their 
number greater than it really is, I endeavoured to afoertain this 
point by counting many fields, and computing, from a meant 
of them, what a certain given portion of the milky way 
might contain. Among many trials of this fort I found, laft 
January the i8tl», that fix fields, promifououfly taken, con- 
tained no, 6o, 70, 90, 70, and ; 4 ftars each. 1 then tried 
to pick out the moft vacant place that was to be found in that 
neighbourhood, and counted 6^ ftars. A mean of the firftr 
fix gives 79 ftars for each field. Hence, by allowing 1 5 mi- 
nutes of a great circle for the diameter pf my field of view, we 
gather, that a belt of 15 degrees long and two brpad, or the- 
quantity which I have often foen pafo through the field of my 
telelcope in one horn’s time, cp^id not well contain lefs than 
fifty thoufand ftars, that were large enough to be diftinftly 
numbered. But, befides thefe, I fufpefted , at leaft twice a$.' 
manj^ more, which, for want of light, I cquld OJily fee now 
and then by foint glittering and interrupted glimpfes. 

The excellent cpile<ftion of nebula; and clufters of ftars 
which has lately been given in the Connoifance letups for 
1783 and 1784, leads me next to a lubje<ft which, indeed, ; 
muft: open a new view of the heavens. A a foon as the firft of. 
thefe volumes came, to my hands, 1 applied my former 20-feet 
r^e^for of 12 inches aperture to them; aud few, with the:, 
greateft; pleafurc; that moft of the neh»l«, wKioh I had am/ 
opportfoxity of examining in proper , fituations, yielded to the *, 

L 11 4 force 
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force of rojK light arid- power, and were refolved Into ftars; 
For iftftfanc<i,' the ad, 5, 9, to, 12, 13, 14, 15, 16, 19, 22, 24, 
^8, 30, 31, 37, 51, 52i 53-, 55» 5^» 62V 65, 66, 67, 71^ 72, 
74, 92, all which are laid to be nebula} without ftars. have 
either plainljr appeared to be nothing but ftars, or at leaft to 
contain ftars,' and to Ihew every other indication of coniTfting 
of them entirely. I have examined them^'lth a careful feru- 
tiny of various powers and light, and generally in' the raeri- 
dian. I Ihould mention, that live of the above, vh. the i-6th,, 
24, 37,' 52-, 67, are called clufters of ftars containing ncbulo- 
fityj but my inftrument relblving allb that portion of them, 
which is called nebulous into ftars of a much Imaller li/e, 1 
have placed them into the above number. To tlici'c maybe 
added the'fft, 3d, 27, 33, 57, 7^9, 81, 82, ioi, which iii my 
7, 1 o, and 20-feet fefledors Ihewed a mottled kind Of nebrijo- 
lity, which' I (hall call relolvable; lb that I expedl my prel'cnt 
telefcope will, perhaps, render the ftars- vilible rif which I** 
fttppofe tlierii to be compofed. Here -I miglit point out. mairy 
precautions neceflary to be talben-with' die very beft inftrumetits, ' 
in order to fucteed in the refolutlon of- tlic moft difficult of 
them? biitireferving this’at prefent too fexteh live llibjotft for a 
future oppo^unity,' I proceed to fpcak of the efeits of 
inftrument \^ith regard’ to nebula;. , ' • : ■* . - - • 

My prefent purfuitsp as T obferved before,' rctjuirlng this 
tedelcope to a< 9 : ds a' fixed infb"utotntp T found it not convenient - 
to apply it to any other of the nebulae in the Cennotffmee des 
Temps but fuch as came in torri ; nor^ indeed^ was it neqeO'ary 
to take any particular pains to look for them, it beingiutterly 
impoftible’ that any one of them Ihould cfcape *my oblervotioai 
whenit pdffed'the field of view of my telefcOpe. Theffevf \hhich, 
1 have already had an opportunity of examinirig,iKewpi;iinl}f th|t, ^ 
I tliofe 
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lliofe moft excellent French aftronomers, Meff. Mr ssier andMe- 
CHAIN, faw only the more luminous part of their nebula;; 
the feeble fliape of the remainder, for want of light, efcaping 
their notice. The difference will appear when we compare 
my obfervation of the 98th nebula with that in the Contwijfance 
des Temps for 1 784, which runs thus : “ Nebuleufe fans etoile, 
“ d’une lumiere extremement foible, au deflus de I’aile bor^ale 
“ de la Vierge, fur le parallele et pris de i etoile N’ 6. cin- 
quieme grandeur, de la chevelure de Berenice, fuivant 
“Flamsteed. M, Mechain la vit -le 15 Mars, 1781.” 
My obfervation of the 30th of December, 1783, is thus: A 
large, extended, fine nebula. Its fituation fhews it to be M. 
Messier’s 98th ; but from the defeription it appears, that that 
gentleman has not feen the whole of it, for its feeble branches 
extend above a quarter of a degree, of which no notice is taken. 
Near the middle of it are a few liars vifible, and more fufpeded 
My field of view will not quite take in the whole nebula. See 
fig. i. tab. XVn. Again, N'’ 53. “ Ncbuleufe fans etoiles, 
** decouvertp ap-deflbus et pr^s de la chevelure de Berenice, a 
“ pen dp dillance de I’etoile quarante-deuxieme de cette confiel- 
latibnj fuivaiit Flamsteed. Cette n^uleule eft ronde et 
“ apparente, ficc.” My oblervation of the 1 70th Sweep runs 
thus':^ A clufler of very Clofe ftars; one of the moft beautiful 
obJeSs I remember to have feen in the heavens. The cl after 
a^^ars unddr the form of a Iblid ball, confifting of fmall ftars, 
quite comp/cftffd mto one blaze of light, xvith a great nunaber 
of loQilb* ones lurrounding it, and ^ftinflly vifible in the geno- 
ntl igtiafs.' ^e fig. 2. 

'DVb^n t began nqy prefent feries of obfervations, I furmifed, 
that feW;^' n^bulte' might yet remain undilcovered, for want 
of lwiScfent light CO deteft them ; and was, therefote, m hope# 

of 
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of making a valuable addition to the clufters of Aars and ne<^ 
bulsB already oollefted and given ns in the work before referred 
to, which amount to 103. I'lie event has plainly proved 
that my expeitations were well founded ; for I have already 
found 466 new pebula; and clulfcrs of ftars, none of whicli, 
to my preleiit knowledge, have been feen before by any perfon ; 
inoft of them, indeed,, are not within the reach of the beft 
common telefcopes now in ufe. In all probability many more 
are ftill in referve; and as I am purfuing this track, I fhall 
make them up into feparate catalogues, of about two or three 
hundred at a time, and have the honour of prefenting them in 
that form to the Royal Society. 

A very remarkable circumftance attending the nebulae and 
dufters of ftars is, that they are arranged into ftrata, which 
feem to run on to a great Icngtlr ; and fomc of them I have 
already been able to purlue, fo as to guel's pretty well at their 
form and direftion. It is probable enough, that they may fur- 
fpund the whole apparent fphere of the heavens, not unlike 
the milky way, which undoubtedly is nothing but a ftratum of 
fixed ftars. And as this latter iromenfe Harry bed is not of 
equal breadth or luftre in every part, nor runs on in one ftraight 
diredion, but is curved and even divided into two Hreams 
along a very cpnfiderable portion of it ; we may likewife exped: 
the greateft variety in the ftrata of the dufters of ftars and ne- 
bula. One of thefe nebulous beds is fo rich, that, in pafiing 
through a lefUon of it, in the time of only 36 minutes, I 
dete<fted nolefs than 31 nebula, all diftinftly vifible upon a 
fine blue Iky. Their fituation and lhape, as well, as condition, 
to denote the greateft variety imaginable. In another 
or perhaps a difierent branch of the former, I have , 
fern dpubl^ and treble nebula, vatloufly arrwgedi huge ones 

with 
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wttii fmatii {eetning attendants; narn»v but much -extendfll 
Wcidiiebulae or bright daflies t ibmft of the fiiape of a 
ierhbling an eledric bru(h, liTuing from a lucid point ; otb^ti 
of the cometlc fhape, with a feeming nucleus in the center i ' 
or like cloudy ftars, furrounded with a nebulous atmofphcre » a 
different fort again contain a nebulofity of the milky .kind. Idee 
that wonderful, inexplicable phaenomenon about 6 Orionis; 
while others (hine with a fainter, mottled kind of li^t, which 
denotes their being refolvable into Aars. See fig. 3 , &c. But it 
would be too extenfive at prefent to enter more nunutely into 
fuch circumftances, therefore I proceed with the fubj’s--£l of ne- 
bulous and fidereal Arata. 

It is very probable, that the great Aratum, called the milh^ 
way, is that in which the fun is placed, though perhaps not in 
the yery center of its thicknefs. We gather this from the 
appearance of the Galaxy, which feems to encompafs the whole 
heavens, as it certainly muA do if the fun is within the fame. 
For, iuppofe a number of Aars arrange between two parallel 
indefinitely extraaded every way, but at a given confi- 
dendde diAance Aom each other; and, calling this a fidereal 
jBbratttm, an eye placed fomewhere within it vidll all the 
llacs in the dtreAmh. •£ the |danea of the Aratum projected 
into a great circle, whkh will appear lucid on.account of the 
•fOtoaiu^Aon of the Aars; while i the rdl of the heavens, at 
tildes,’ will only feem to be iibatteitd over wkh condfeUa- 
jjdhit more or ie^ cnowded# idtsoidikg to th^rdiAsnee pf .tbe 
pianti .er nnkiber of Aars oohlaisted .in the or fides of 

iheArafuiu. . ,1 ' ' 

* Thos, in fig, lt 6 i'(|^ ICVill*) an eye at S within the Afalum 
mbf wiU fee the Aars in thedirodl^ of its.length e h nr. height 
irdit’ilnth all thofe in the intermediate fituattons, projected into the 
Vol.LXXIV. Mmm lucid 


lucid cirde ACBD; while thofe in die fide* mvf nWt ivEQ be 
feen fcattered over the remaining part <rf the heavens at 
MVhlW. 

If the eye were placed fomewhere without the ftratum, at 
no very great diftance, the appearance of the ftars withm it 
Would afl'ume the form of one of the lefs circles of the fphere, 
which would be more or Icls contradled to the diftance of the 
eye ; and if this diftance were exceedingly increafed, the whole 
ftratum might at laft be drawn together into a lucid fpot of any 
lhape, according to the pofition, length, and height of the 
ftratum. 

Let us now fuppofe, that a branch, or fmaller ftratum, 
ftiould run out from the former, in a certain diredion, and det 
k alfo be contained between two parallel planes extended itide* 
finitely onwards, but fo that the eye may be placed in die great 
ftratum fomewhere before the reparation, and not farfhmi!^ 
|dace where the ftrata are ftill united. Th«i will this ieciaad 
ftratum not be projefled hito a bright cirde Bke the farmeor^rhiit 
will be feen as a ducld bmneh proceeding firbm the firft^ raii<| 
Returning to It again at aceitdn^ diftsince ki* than a &mt*birdkk 
Thus, ki'fhe fame figure, die ftars in the ftiiaii ftratuoiB^if 
dill he pti^efted into a br^it afch at PRftP, which, after) 
leparation fieom the citclejQpp,' imitet with k again at P, >ir l 
What hds beenkiftancedin panllel pidaeanu^ eafib^ 
pli^twftratd kreguhuly bbunded, aoid nmni:^ in vanonadiMiio 
titxis ; of eonfeqoenbe.wiy 

to the<;jua»ddci*^ dw varktfOM ni theftrwa vadthexdiftMitf 
of the eye from the fame. And thus any kind of CBiwteaBib 
AS well at yanuu* .(fiftbreat bn^Nttfs^iiQaly be l(ro“ 

ki th* prio^fGiiMa, ' ' ' i./.'. 
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’Frdm appearances then, as I obferved before, we maj^' infer, 
that the fun is mof); likely placed in one of the great ftrata of 
the fixed ftars, and very probably not far from the place where 
ibme fmaller ftratum branches out from it. Such a fuppofition 
will fatisfadorily, and with great firaplicity, account for all 
the phaenomena of the milky way, which, according to this 
hypothefis, is no other than the appearance of the projedion of 
the ftars contained in this ftratum and its fecondary branch. 
As a farther inducement to look on the Gajaxy in this point of 
view, let it be confidered, that we can no longer doubt of its 
whitilh appearance arifing from the mixed luftre of the num- 
berlefs ftars that compofe it. Now, fhould We imagine it to 
be an irregular ring of ftars, in the center nearly of which we 
muft then fuppofe the fun to be placed, it will appear not a 
little extraordinary, that the fun, being a fixed ftar like tHolib 
which compofe this imagined ring, ftrould juft be in the center 
of fuch a multitude of celeftial bodies, without any apparent 
teafbn for this fingular diftindion i whereas, on our fuppofi^ 
tion, every ftar in this ftratum, not very near the terminatioa 
of its lengdi or height, will be fo placed as alfo to have' its 
own Gdaxy, with only fuch variations in the farm and luftre 
of it, as may arife from the particular fituation of each ftar. 

Various methods may be purfoed to come to a full know- 
ledge the fun's place in the fidcreal ftratum, of which 1 
lhaU only mention one as the moft general and moft proper for 
determining this important point, and which I have dready 
begun to put in pradice. I call it Gaging the Heavens, or the 
Star-Gage. It confifts in repeatedly taking the number of ftars 
in ten fields of view of my refledot very near each other, and 
by adding their fums, and cutting off one decimal on theri^t, 
a nican of die contents of the heavens, in ill the parts which 

M m m a are 
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are thus gaged, ie obtained. By way of example, I hkvt joined a 
fhort table, cxtrafled from the gages contained in my journal’, 
by which it appears, that the number of ftart increafes very 
aft as we approach the Via Laflea. 

X 


|N. P. D. 92 to94°.j 

R. A. 

Gage, 

15 *0 

9 "S 

15 22 

10.6 

47 

10.6 

16 8 

12.1 

16 25 

15.6 

16 37 1 

18.6 


N.P. D. 78 totlo'’| 

R. A. 

Gage;> J 

1 1 t6 

3.1 , 

12 31 

3-4 

12 44 

4.6 

12 49 


*3 5 

3-8 

H 30 

1 3.6 


Thus, in the parallel from 9 a to 94 degrees north 
polar diftance, and R. A. I5h. lO', the ftar-gage runs up 
from 9.4 ftars in the held to 18.6 in about an hour and a half; 
whereas in the par^lel froip 78** to 80° north polar diftance^ 
and R. A. 11, 12, 13, and 14 hours, it very ieldoiA 
idles above 4. We are, hoviever, to remember, that wit|| 
diderent inftruments the account of the gages will be vety 
difterent, efpecially on our fuppofttion of the htuation of the 
iiin in a ftratum of ftars. For, let a hg. 1 7. be the ftcatum,.aQ4 
fuppoietbe fmall circlegblk to represent the fpace into which, 
by the light and power of a given telefcope, we may pene- 
trate ; and Jet GHLiC be the extent of another portion, which 
we are enabled to yiftt by means of a larger aperture and power ; 
it is evident, that the gages with the latter inftnuneojt wiU 
difter very much in their account of ftars contained at MN, 
and at KG or LH ; when with the fortx&er they will lordly be 
affbfted by the clwnge from ma to ig or lb*, And ti^ accounts 
for what a celebrated author Jays concerning the cfifefts of felo* 

fcopes. 
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fsopos, hy which we muft uudefftand thb heft of thofe that 
ate in eoounon ufe *, 

It would »ot be fafe to enter into an appCcation of thele, and 
fuch other gages as I have already taken, till they are fuS- 
dently continued and carried all over the heavens. I lhall, 
therefore, content myfelf with juft mentiouing that the fitua- 
tk)a of the fun will be obtained, from couildering in what 
manner the ftar-gage agrees with the length of a ray revolving 
.'a ieveral direftions about an adumed pcdnt, and cut off by the 
bounds of the ftratum. Thus, in fig. 18. let S be the plae? of 
an obferver ; S r r r, S r r r, lines in the planes r S r, r S r, drawn 
from S within the ftratum to one of the boundaries, here re* 
prefented by the plane AB. Then, fince neither the fituaticn 
of S, nor the form of the limiting furface AB, is given, wc 
are to aftume a point, and apply to it lines proportional to the 
ieveral gages that have been obtained, and at fuch anjg^es 
from each other as they may point out ; then will the term!* 
nation of thefe lines delmeate the boundary of the ftratum, 
confequently manifeft the fituation of the fun within, the 
lame. But to proceed. 

If the fun ftiottld be placed in the great fidereal ftratum of 
the milky way, and, as we have furmifed above, not far ftom 


* €>tb vpit avec let telefcoper des etoilet dkns routes let partiet du ciel, k peu 
prea comnae dans la vofe la^de» oudans let ndbuleuiei. On ne fauroit dourer 
qu^uite paitie de T^clat et de la blancKeur de la Yote la^^, ne proYienne de la 
de» pctires Doties qui s*y trouvent eu eSet par millions ; cependant^ avee 
ks phss iprlinds t^kfcopeS) on nVn diftingue pas aflik, et dies n*y ibnt pas adSf 
Mpproch&s let unes.jde8 autrcs pour qu’on putile attribuer k ccUcs quWdtililigua' 
la blancheur de la vote la^^ce, it fenfibk k la vue fimpie* Lkn ne &uroit done 
prononcer que let ^toiles foienc la fcule caufc dc cette blanchenr* quoique ooiil of' 
connoiffioni aucune miuxiero fiiijifiiifanre de I’eaqpiiquer. ASu M. PB IA hAUMp, 
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rally lead us to guefs at the caufe of the |»robable motion Ilf 
the folar fyftem : for the very bnght, great node of the Via 
La^s, or union of the two ftrata about CepheOfe and Caffiopraa, 
and thfe Scorpion and Sagittarius, points out a conHux of ftart 
haahifeftly quite fufficient to occafion a tendency towards that 
tiodd in any ftar hfuated at no very great diftance ; and tht 
iecohdary branch of the Galaxy not being much lefs than 4 
femi-circle feems to indicate fuch a (ituatlon of our folar lyftcm 
in the great undivided ftratum as the moft probable. 

What has been faid in a former paper on the fubjeQ: of the 
iblar rnorion feems idfo to fiipport this fuppofod lituation of 
the fon ; for the apex there affigned lies nearly in the dire^ioa 
of a motion of the fun towards the node of the llrata. Be- 
lides, the, joining ftratum making a pretty large angle at the 
jnn^Hon with the primary one, it may eafily be admitted, that 
the motion of a ftar in the great ftratum, efpecially if fttuated 
cpnfiderably towards the fide fartheft from the fmall ftratum^ 
will be turned fufficiently out of the ftraight direction of ^ 
.great ftratum towards the fecondaiy one. But 1 find mjrielf 
Inlehfibly led to fay more on this ftrbjeft than I am aa yet au- 
thorifed to do ; I will, therefore, return to thole oblervations 
which have foggefted the idea of celeftial ftrata. 

In my late obfervations on nebuhe 1 ibon found, that I ge- 
nerally ^te^ed them in certain dirediona rather thaninotheras 
that the Ij^ces preceding them were generally quite derived «rif 
their ftars, lb as often to afford many fields without q iingle 
ftar in it ; that the nebulae generally appeared Ibme time a|har 
among ftars of a certain confidemUe fote, and but 
amoiig v#y fmall ftars j that when I came to one nebu^ 1 
.generally found fevcral more in the neighbourhood ; that after- 
wards 



immlB 3 cdhfi<ii?r^Ie time: pafied before I came to another par-? 
ixi ; ai]td thefe events being oiteu repeated in different altitudes 
of my inffrucbent, and ff>tne di them at a ctmfiderable diffanee 
from each other, it occurred to roe, that the intermediate 
fpaces between the fweeps might allb cpatain nebulae: and 
finding this to hold good more than once, 1 ventured to give 
notice to my afliftaot at the clock, “*to prq>are, fince I ex- 
“ pedled in a few minutes to come , at a ftr?Xum of the nebulae, 
** finding myfeif already" (as I then figuratively exprefied k) 
on nebulous ground.’* In this I fucoeeded immcdial*%t. fo 
that I now can venture to point out finserat not far .diftsat 
places, where I (hall foon carry my tekfeope, in expefihdfion of 
meeting with many i nebulae. Hot how far thefe ciremafhuHaes 
of Vacant places prtoeding and Mlowing the nebukms ffrata^ 
and their being ai it were contained in a bed of ilars, fpariagly 
ibattered between them, may hold good in more diffant fur* 
iabns bf the heavens, and wihidi l have not yet been < able to 
1|[ifit in any regular manner, 1 ou^ by do means to hazard a 
conjefhire. The fabjed is n^w, and we mofi. attend toob&r- 
inttkifts, tad be gvuded byt Hrem, beforp we (brist gpoecal 
Cpinioto. . ; . 

Before I coitolaife, Tinay^ howevet» vcittUfe .to add a few 
l^aikkulars aboot the diredion of Ibtziei o£ ^ capital (brato or 
thek fkanebes;^ The weUfenovni iidrtiia (tf Cancer, vifible to 
the nalDDd k prbbal^y entf beion|^ to a certain. iliafiitin» 
in wifich t f^ippoife it to befbflaeedlBs to iie neareff: totih 7hit 
fe(iatum‘I Ai^ 'CaU thktHof* Cuicefv It rmk fecan f 
•atoarda Ato (buih bvef iiMt 6y nebula of the €atmo^anc»,.A$ 
whfeh k a tvery .besai^kialid 

'pilfer bf'iknSf eafify'fi»lM^fi)ni l^any^ood «elefeDpe,:aiidui 
toluebIhBvot tfelkrvdd nbo^ feass^K ono&ikKlie feeidjuf 
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view of tof great refledor, wd^h * poerar^of 157 . Hiii clnflef 
appeating ib plainly with any good* coousioa. telelcopie, md 
being lb near to the one which may be fi»n bjr the naked qre» 
denotea it to be probably the next in diftance to that within the 
quartile formed by y, v> ^ 5 fronni ^7*^ nebnla the llratum 
of Cancer proceeds towards the head of Hydra ; but 1 have not 
yet had time to trace k farther than the equator. 

Another ftratum, which perhaps approaches nearer to the 
folar fyftem than any of the reft, and whole lituation is nearly 
at redangles to the great fidereal ftratum in which the fun rt 
placed, is that of Coma Berenices, as 1 lhall call it. I fuppofe 
the Coma idelf to be one of the dufters in it, and that, on ac» 
count of ks neamefs, it appears to be fb icattered. It has 
many capital nebulae very near It ; and in all probability this 
ftcatum runs on a very conliderable way. It may, perhaps, 
even malse the circuit of the heavens, th(»igh very likely not 
in one of the great circles of the fphere : for, unlefs it fhouhf 
chanee to interled the great fidereal ftratum of the milky way 
before-^menticined, in the vei^ place in which the fun is fta* 
Itoned, fuch* an appearance could hardly be prodbeed. How- 
ever, if the ftratum of Coma Berenices Ihould extend ib fiir as 
(by taking in the afiiftance of M. Mss 8 iE]i*aand M. Mechaih*# 
excellent obdervations ofi festtered nebuhe, and fiune detadte# 
former ob&rv»tions of my own) 1 Apprehend it may, die dir 
redion Of k towards ||ie noith lim pr^ably. With fome witi4r 
ings, through tbs great Bear (mwards to- Ctdfiopdat dwtwb 
through the ^rdknf Anditmiedaand the Northern fifli, pro- 
ceeding lowank CehMj while towards the fouth k pa0ei 
through the Virgin* prpbbhly on to the tail of Hydra and the 
head of Centaurus. Btft, ntkwkhftandit^ 1 have drtady hilly 
afcertained the exifteisee ,mi dicedien of ^ dcaeWR fomWflS 
3 than 



the ConftfuQion the Heavens. 4.^1 

than 30 degrees of a great circle, and found it almoft every 
where equally rich in fine nebulae, it ftill might be dangerous 
to proceed in more extenfive conjedures, that have as yet no 
more than a precarious foundation. I fhall therefore wait till the 
obfervations in which I am at prefent engaged ihaU furnifh me 
with proper materials for the difquifition of fb new a fubje£k. 
And though my fingle endeavours (hould not fucceed in a 
work that feems to require the joint efibrt of every aftronomer, 
yet fb much we may venture to hope, that, by applying our* 
felves with all our powers to the improvement of telefcopes^ 
which I look upon as yet in their infant ftate, and turnings 
them with alHduity to the ftudy of the heavens, we (hall ut 
time obtain fome faint knowledge of, and perhaps be abltf 
partly to del’meate, the Interior CotyiruSiion of the Uruverfe. 

Datchet near Windfor^ 

April, .78^ WILUAM H£RSCH£L» 
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:XXX 1 V. 'jSccomt of a new Specks of the Bark-Tree, founi 
in the Ifland of Si. Lucia. By Mr. George Davidfon ; com-- 
municated by Donald Monro, M. D. Phyjician to the Jrtnyy 
F. R. S. 


Read June 24, 1 784. 


DU. DONALD MONR©^ 


SIS, 

H aving received from my correfpondent Mr. David* 
SON, lurgeon, in the ifland of St. Lucia, fbme Bark,, 
the product of that ifland, which is faid to poffefs the virtues 
«f the Jefuit’s Bark, and in a much fmaller dole, I lhall 
«fteem it a favour if you will lay before the Royal Society the 
fpecimen which I have font to you with this letter, together 
with Mr. Davidson’s account of it, if you think they me- 
rit that honour. 

I have examined the dried fpecimens very carefully. They 
are not fo well preferved as I could wifh ; but I have fince feea 
much finer in the pofl'effion of Sir Josebh Banks, who has. 
done me the honour to favour me with the following character, 
as moft diflin£live of it from the other fpecies of Cinchona 
already deferibed, which he gave me an opportunity of 
•xaralning. 


It 



Mr, Davidson’s Account ^ See. 45^ 

It is undoubtedly a Cinchona,- but not the Cinchona- offici* 
ualis of Linn.®us ; for it differs from it eflentially in its barft 
in fcveral particulars. It has an emetic quality not common to 
the true bark, breaks more woody and fplintery, and is far 
more naufeous to the tafte. Its decoftion is of a duli Bur- 
gundy colour; and its extradl refembles more the bitter of 
Gentian than that of the Quinquina. I have procured four 
ounces of it from half a pound of the Bark boiled in water, 
and herewith fend to you a fmall Ipecimen. 

The- drawings, which accompany this letter, are exa<9: co- 
pies of the fpecimens which I received ; I therefore hope they 
will not be thought unworthy the acceptance of the Royal 
Society. 

I have the honour to be, &c. 

Henrietta-llrcet, Nov. 6, 1783, G. WILSON. 

Botanic charaSler of the Bark^Tree of St. Lucia. 

“ Cinchona floribus paniculatis, glabris ; laciniis line?ribusi 
** tubo lougioribus; Ilaminibus exfertis ; foliis ellipticis, glabris.’^ 

\ 


V 

BxtraSt of a Letter from Mr. George Davidson, dated St. 
Lucia, July 15, 1783. 

IT is now about fobr years (ince Mr. AlexANdeH 
Anderson dlfcovcred in the woods, near the Grand Cul de 
Sid, fome trees refcmbllng, in the botanical characters, the 

N n n a tru« 
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true QmnqtBisn of Likkjevb. He bnsvgbt the hiirk, flowers, 
end feeds, to Dr. Young of the Geueral Hoipital, and trial 
was made of it there ; but not beir^ fuificiently dried, its ftrong^ 
emetic and purgative qualities prevented its exhibition. 

The publication of Dr- Saunders, which I received about 
two months ago, mentioning the introdudion of a Ipecies of 
bark of a redder colour, and pqflefling greater powers than 
the bark formerly in ufe, induced us here to try the bark of 
this country. Dr. Young had by him fome that was col- 
leded in General Grant’s time : on account of the length of 
time it had been kept, and its being fufficiently diicd, he has 
met with all the fuccefs he could wilh. 

It is manifeftly more aftringent than the bark, and the bitter 
is llkewife more durable on the palate. 

Hitherto I have generally ufed the cold infuhon, either in 
lime or fimple water, in the proportion of one ounce to tlirce 
pints of the water. I have likewife given it in fubftance from 
twenty to thirty grains ; hut never exceeded the laft quantity, 
for I never found the ftomach able to retain more than twenty 
grains. 

Joined with theCanella alba, it forms in ipirits an agoeeable 
and elegant tinfture. I have made a tincture from the feeds, 
which are infinitely Wronger in taflc than the bark Itfelf. 

(Signed) GEO- DAVIDSON- 





0mm S^ickt ^ the Baik-Tres. 
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Mr. George Davidfon’s account of the Bark-Tree of the ijland 

of St. Lucia. 

THE Bark-Tree of this ifland is nearly about the fize of the 
cherry-tree, feidom thicker than the thigh, and tolerably 
ftraight ; the wood is light and porous, without any of the 
bitternefs and aftringency of the bark itfelf. 

It delights in a (hady Ikuatioo, the north-weft afpe£t of 
hills, under larger trees ; and is generally to be found about 
the middle of an hill, near fotne running water. 

The leaves are large, oblcmg, oppofite, and plain, jurferving 
(as well as the flowers and feeds) the better taftc of the bark. 

In the beginning of the rainy feafon (June), the tree puts 
forth its flowers in fmall tufts; at firft they are white, but 
afterwards turn purplilh. The ftamina are five in number, 
with a fingle ftyle. The gcrmen is oblong, bilocular, and 
furrowed o»i each fide. The feeds are many, and of the wingetl 
kind. The corolla is monopetalous* with its mouth divided 
into five long fegments. 

The foil in getieral where it grosvs is a IKff red clay. The 
bark itfelf is of a lighter ted Ifhan. that fent out here to the 
hofpital under the name of rti bark. It ineJines more to the 
colour of cinnamon. The httfiemefs and aftringency appear to 
be greater than in either of the other l^ks. 

I apprehend, the proper feafon for obtaining it is about tho 
month of March, before the flowers come out : after-expe- 
rience will beft determine this. 

Infufed in cold water, in which form, or In lime-water, I 
generally ufc it, it forms a very red tin<fture, poffeffing the 
3 bittenicfs 
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bitternefs and aftrlngency of the bark ' very ftrongly. A few 
drops of the Tinftura florum martialium give it a veiy black 
colour, and occafion a copious depohtion of a black fediment. 
It does the fume with the fpirituous tinflure. 

With fpirits it forms a beautiful red tinfiure. 

Explanation of the references tab. XIX. 

A. A branch of the Cinchona of St Lucia, with the flowers 

not yet opened. 

B. The entire feed-veflels. 

C. A fced-veflel fplit. 

D. One of the feeds, of its natural 

E. The fame magnified. 
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3 KXV. An Account of an Objervatton of the Meteor of Auguft 
1 8, 1783, made on Hewit Common near York. In a Letter 
from Nathaniel Pigott, Efq. F. R. S. to the Reverend NevU 
Malkelyne, D. D. F. R, S. and AJironomer Royal. 


Read June 24, 1784. 


lEVEREND SIR, York, Oft. l8, 1783. 

O N the 1 9th of laft Auguft 1 communicated to you an ac- 
count of the remarkably fine meteor, \vhic*h I had feen 
under circumftances peculiarly fevourable the preceding night. 
I was then preparing myfelf for a journey into the Eaft Riding ; 
and, on that account, obliged to poftpone the verifications, 
mentioned hereafter, till my return. 

On. the 1 8th of Auguft, about ten o’clock P.M. after a hot 
dfay, the weather a little hazy, but not fo as to obliterate the 
ftars, and no wind, being on horfeback, in company with two 
other gentlemen, on Hewit Common, about three miles from 
York,my attention was attrafled towards the W.N.W. by feveral 
faint flafhes of lightning, fuch as arc often feen near the horizon, 
or which may be ftill better compared to flafhes of an aurora 
bprealis.. Soon after which I perceived fome luminous matter 
in motion, and collefting together from feveral diredions, fig. 
I. (tab. XX.) which immediately taking fire prefented itfelf under 
the form of a ball, of fo vivid a brightnefs, that the whole 
horizon was illuminated, fo that the fmalleft objed might 
X ha VOL' 
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have been feen on the ground. This ball, when formed, Bfc- 
gan to move, with an eafy Hiding motion, from W.N.W. 
towards the S.S.E. It fuggefted the Idea of a highly brilliant 
comet, emitting a train or tail, but of a different colour from 
the ball itfelf, this lart. being of a moll brilliant bluifh white, 
and the tail of a dulky red,^ the length of which appeared to 
extend over fifteen or more degrees of the heavens, fig. 2. 
The apparent diameter of the nucleus feemed one-third or one- 
fourth of the full moon’s diameter. The greateft difficulty iu 
this eftimatioii hence arifcs, that I cannot, notwithftaudmg all 
my endeavours, reprefent in my mind the moon otherwife 
than as a plane or difk ; nor the meteor, than as a fphcrical body. 
The altitude of it, when it formed in the W.N.W. was about 
30° ; and about 19° or 20® above the horizon, when it became 
jextinft in the S.S.E. a few fparks of the tail, nearcll the 
nucleus, fcattering themfelves much in the fame manner as 
thofe of a fky-rocket when burnt out, fig. 3. 

It has been faid, that the ball divided itfelf into three or 
four parts before its extindlion. To me it appeared to vanifh 
or gently die away : what confirms me in the opinion, that it did 
not divide, is, that the three or four fcattering parts above-men- 
tioned were not of the bright colour of the ball kielf, but of 
the dufky red which the tail invariably fhewed. The interval 
of time from the meteor’s formation to its extinflion was 
nearly twenty leconds, perhaps two or three feconds Icfs. The 
long habit 1 have of counting leconds in agronomical ob- 
fervations Induces me to think this quantity may be relied on ; 
and this I mention, becaufe ibme have eftimated it more, Ibme 
lefs. Nine or ten minutes after its diffipadon, 1 heard a noife, 
much refembling the report of a cannon at a very great dif- 
tance; but I would not wilh to have it underffood, that I 

fpeak 
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fpeak 10 thit k(l interval with the fame certainty as to the 
other ; ifi hCMvever, it be exad, and ruppoCuig found to move 
1 106 ivet in one fecond of time, and the fame in the upper 
reg^s of the atmofphere as here below, whicli, however, 
may be very different, its diftance from me, at its extin£tion, 
muft have been about 1 20 miles, and its perpendicular altitude 
above the earth’s furface about 40 miles. 

I have added a fcheme and a fmall (ketch, prefuming by 
that means to convey a clearer idea of what I faw. The alti- 
tudes, azimuths, &c. are not merely from eftimation. After 
my return from the Eaft Riding, I went to the very fpot, where 
I had fecn the meteor on the 1 8th of Auguft. The road, as 
in the fcheme, being exaftly ftraight from my Ration, bAli 
towards indfrom York, no miRake can arife in that re^xM^. 
With all the circumRances clearly and forcibly impreffed ob 
my mind, I watched till (bme remarkable fpot in the Iky pre- 
fented itfelf at the fame place in which I had feen the tneteor 
itfelf form, crofs the road, vanifh. See . : then, with a theo> 
doHte, I took the feveral bearings, which may be the' mo^e 
relied <m, as 1 repeated the operations three different times, oh 
different fpots, which agree furprifingly well for meafuries 
where no minute exa^efs can be expedted. 1 have marked 
minutes in the fcheme, becaufe the refults gave them, without 
any pretenfion to fuch nicety. 

I am, dtc. 

NATH. PIGOTT. 

X 
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XXXVI. O^roatims of tkt Comet 9/1,)%.^, Jjk.^toetffrj/hm 
£dward Figott, Efj. to the R&l\ NevU tZSk> 

H, S. and jifirwt&mir Rjoytd. 


Rea«J J*me 21(1, ’17&4- 


'IEVEREKd sib, York, 0CC rr, 178^ 

TJTAVING compieated nay ^Wervations the comet I 
Adi difcbvei'ed 011 the of Novemfcef laft, I take the 

lilxij'ty of dttiriiig you to ^refiaut tlteai to the Rofai Socii^y. 
Tho'IHintnefe of the comet’s %ht, Hud ' the «iifaYou table fkjr 
youjbavfe hod in the feuth, inditce me to believe, that few 
-ebfeil^tiOu^'of k have beeu’miKle befides tiie following. 
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Tlie R. A^s of November 20th, 24th, Mid 26th, were de- 
duced from obfervations made at the tranfit kiftrument : the 

ifcv V 

erthers, except the firft, were ^determined with an excellent 2f 
feet night-glafs, made by Dollond, magnifying ao times, 
having crofa wires at rigl^ apgles in ks fopws, which were 
3 * ' 









Ckmt of tyi^, ^ ^ 
vi{il(|e without bcln|f illuminated. With this inftrument the> 
con::^ty the oxui^aon method, was compared to flars b the | 
field the teiefcope, and withb (ow minutes ou the fame 
paratllel* The places of tliofe ftars v(cre afterwards fettled 
with the raeridii^ inftcumeiits. As fonwJtitMes fevcral ftars 
were obferved, I eafily found to what degree of certainly thofc 
obfervatlons might be dcjxinded on’, which I have tnarimd with 
the above refults. Tiie declinations, I tlunk, cannot err two 
minutes, being compared to ftars within four minutes on the 
fame paralleL The three of Novembejr aoth,' and’sfith, 
were taken with the tranfit bftrumoit hy comparing the OOQUf 
to the nearest ftars. I was much chagrined ht not being, idrie t 
to fee the comet iu our equatorial when the wires weco iliii- . 
minated. 

The comet had exadly the appearance of a nebula: 
its light was fo faint that it could not be feen in a 
good opera glafs. In the night-telefcope the nucleus was 
fcarcely vifiblc, and the diameter of the furroundbg coma 
was about three minutes of a degree. Between the 1 9th and 
26th of November, I thought it .had rather diminilhed in 
brightnefs. December the tft |nd very difficult to 

be feen, occafioned perhaps l^itttle elevation above the 
horizon. Between Decenwtoi|^^j^d ioth, the comet was 
entirely e^ced by the incri^liffTE^t: of the Moon. Ou the 
10th, the moon being in the did not obliterate ftars of 

the eighth or ninth magnit|»;l|!^^||(l CG^ not find the comet. 
The following obfervations ujftre'l|li|de hy toy ftiend Mr. Johk 
Goods ICES. 
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Dates, 

apparent 

time. 

R. A. 

North declt* 
rration^ 

Lonfttuck. 

LatittKk« 

Novtm,a4 
28 1 

h. ' 

8 16 

6 8i 

0 # 

36 3 » S 7 
33 iO 0 1 

0 t 

9 3oi 

H ‘6* 

S. “ ' 

I 7 21 

0 f 

1 42fS 

0 S»iN 


1 am, &c. 

EDW. PIGOTT* 


P. S. This morning I received a letter from M. de 
Mechain, in which he informs me, that he difeovered the 
comet on the 26th of November feven days after my firft ob- 
fervation. He has made feveral obfervatiems on it. 
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XXXVII. Experiments on mixing Gold with Tin. In a Letter 
from Mr. Stanefby Alchorne. of bis Mtnejifs Mint, to Pctejr 
Woulfe, £/y. F. R. S. 


Read June 24.» 17^4. 


DEAR SIR, T^rofLoodoiV 

Marcti 25, 17844 

Y OU know It Is a generally received opinion among mc- 
tallurgifts, that tin has a property of deftroying the duc- 
tility of gold, on being melted with it, even in very fmall 
<|uantitles. Our late ingenious countryman Dr. Lewis, in his 
Philofophical Commerce of Arts, p. 85. has well exprefled 
the fenfe of moft writers on this fubjeft, in the following 
tvords : “ The moft minute proportion of tin and lead,” lays 
he, ** and even the vapours which rife from' them in the fire, 
“ though not fufficient to add to the gold any weight jfenfible 
“ in the tendcreft balance, make it fo brittle that it flies in 
** pieces under the hammer.” 

Divers circumftances, neveitbeleH, long fince Induced' me 
to dilbelieve the fad; but tbel&, having chiefly arifen from 
fmall experiments, did not ieem to warrant any general con- 
clufion. A late public occafiot, however, which led me to 
various trials of mixing ^ie metals togetlier, in diflerent^ pro- 
portions, and in fufficiently large quantities, has put the matter 
out of difpute ; and (hewn jme, that tin, in ftnall quantity at 
leaft, may be added to gold, either pure or alloyed, without 
producing any other efFed than what might eafily be con- 
ceived,. 
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ceived, d/r/W/, from the dtf{ei«Qt texture of the two metali. 
In confirmation of which, I beg leave to lay fome of the ex- 
periments before you, 

, BXrSXZMBKT I. 

Sixty Troy grains of pure tin were ftirred into twelve ounces 
of refined gold, in fufion ; and the mixture was then caft into 
a mould of fand, producing a flat bar, one inch wide, and one- 
eighth of an inch thick. The bar appeared found and good, 
fufiered flatting under the hammer, drawing feveral times be- 
tween a large pair of ftecl rollers, and cutting into oircujiai; 
pieces, of near an inch diameter, which bore flamping in 
money-prefs, by the ufoal ftroke, without (hewing the leall 
fign of brittlenefs ; or father with much the fame dudlility as 
pure gold. 


BXPKBIMEKT 11. 

Ninety grains of like tin were added to twelve ouncM of 
fine gold, flirred, and cafl as above. The bar produced was 
fcaifcely diflioguifliahle fmmthe former, and bnm all the ope- 
rations, as before-mentioned, quite as well* 

EXPSKZMEftT 111. 

One hundred and twenty grains of flne tin wbre mixed widt 
twelve ounces of fine gold, and bang cafl l%e ^ foregoin]^ 
produced a bar rather paler and harder than the |>rcccdi«g. 
but which fufiered the like operations Very wrfl? except that, 
on drawing between rollers, the outer edges Were dl%ci(ed to 
crack a Kttlci 

X X V E- 
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'Oate Iitei3re3 anfl forty l^rains, or %alF an ounce, of the 
%hi, were tni«8, as 'before, with twelve ounces 
tJf fee and ft\« bar refiiUing foom '(his mixture was 

COtoplately found and good ; evidently pjder and harder, how- 
•wer, than any of the foregoing, and tracking rather more 
than the laft on paffing between the rollers ; ‘but bearing every 
Other operation, even ftamping under the prefs, by fhe commoa 
force, without any aipparent injury. 

E'X P EB a M E'N »r «v. 

One ounce tjlf tin was next'ftirrcd into^twdve ounces of the 
like Teflned ‘gdtd, and then caft as btfore^ but *the bar pro- 
■ddced, though feetningly folid and good, was bad coloured, 
brittle in texture, and, on 'the firft paffing between the rollers, 
fplit into foVer^ pieces, fo'that no 'ferther '’trials were made 
iidth it. 


EXPERIMENT VI. 

' . I 

To inquire how far the fumes of tin^ brought into ctmtafk 
with the gold, Would do more than mixing the metal in fub- 
. Iltance, a fmall crucible, filled with tWeli^e ounces of ftandard 
j|ol3, fine, was pfaced in a l&tget crucible, having one 
oUhte Of melted tin in it, and kept there in fufion, the whole 
‘bdittg ^Vfefod by ’^othet Wrge inverted crucible, for about 
‘baff 'ito hObr. "In this time a foil quarter part of the tin was 
calcined i but the gold retbiined unaltered, and equally capable 
of being manufactured as another portion of the fame gold 
imlted in the common manner. 


) 
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Ic may well be aflced, whether the tin, or pert of k, in 
every trial, might not be deilroyikii and thus render the am- 
cluilons fallacious ? But ai, in any of theie expeiitnentat not 
more than Hx or eight grains of the original we^ht «ere tmf* 
fing after the calling, and as even fine gold fcart^y he 
melted without fome lofs in the operation, lo we may rea* 
fonably fuppofe, that our fmall lofies, in the foiegoing trials, 
do not deferve confideration. 

The above experiments then Teem to (hew, that tin is not (b 
inifchtevous to gold as hath been generally reprelented. But 
it would be unfair to infer, that the original author of this 
dodritie (from whom (b many have implicitly tranfcribcd) had 
no fi>undatiou for the afierticoi. Gold and Tin, indeed, are 
fubfiauces pr^ty well known ; but it is eafy to imagine, that 
coins or; trinkets miy have been ufed for one, and impure tin, 
or pewter, perhaps, for the other ; and it is di£Scult to guefs 
what might be the refult of fuch uncertain combinations. To 
inquire farther, therefore, the experiments were continued as 
follows. 


EXP£RIMKNT Vll. 

To determine whether the two metals might be more Inti* 
mately combined, and the mafs rendered brittle, by ad^rional 
heat; the mixture of gold and tin, produced in the firfi of 
thefe experiments, was re-m<dced in a (Ironger fire than before, 
and thus kept in fufion full half an hour. By this t^ratkm 
fix grains only were lofi in the weight; and the bar obtained 
was no kfs manu&fkurable than at firft. 


£ X V S* 
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m mixing Gma •with Tin. 

experiments VIII. and IX. 

Tlie mixtures of gold and tin, from tire fecond and fowrtli 
■experiments, were re-mclted Icparatcly, and one ounce of 
copper added to each. Being both well Birred, they were caft 
asufual; and the bars, tliough {cnfibly harder, bore all the 
operations of manufacluring as before. The laB bar cracked 
a little at the edges, on drawing throu^i the rollers, as It had 
done without the cop^wr, but not materially, and bore cutting 
rather better than in its former Bate. 

EXPERIMENTS X. AND XI. 

A quarter of an ounce of the laB mixture (being tin Iialf 
an ounce, and copper one ounce, with gold twelvx ounces), 
and as much of the bar from experiment the third (being tin 
one hundred and twenty grains with gold twelve ounces), were 
each melted by a Jeweller, in the moB ordinary manner, with 
a common fca-coal fire, into fmall buttons, WTthout any lofs of 
weight. Thefe buttons were forged by him into fmall bars, 
nealing them often by the flame of a lamp, and afterwards 
drawn each about twenty times through the apertures of a 
fteel plate, into fine wire, with as mucii eafe as coarfe gold 
commonly pafles the like operation. 

EXPERIMENT XII. 

To enquire whether the adding of tin to gold, already 
alloyed, would caule any difference, fixty grains of tin were 
Birred into twelve ounces of ftandard gold, 4.4. fine ; and the 
refult paffed every operation before deferibed, without (hewing 
the leaB alteration from the tin. 

For greater certainty, fcveral other trials were made, of dif- 
ferent mixtures of copper, tiq^ and filver, with gold, even fo 
V0L.LXXIV. Ppp low 
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low as two ounce^s and a hhlf bf copper, with half an ounce oF 
tin, to twelve ounces of gold. But thefe are not worth par- 
ticularizing ; for they all bore hammeting, and flatting by 
rollers, to the thinncfs of ftiff paper, and afterwards tvoriting 
into watch-cafes, cane-heads, &c. with great eafe. They alh 
indeed, grew more hard and harfh, in proportion to the quan- 
tity of alloy ; but not* one of them had the appearance of 
what all workmen well know by the name of brittle gold. 
Wlience it Ihould feem, that neither tin in fubftance, or the 
fumes of it, tend much to render gold unmanufadurable. 

Whenever, therefore, brittlenefs has followed the adding 
fmall quantities of tin to fine gold, it mull be fuppofed to have 
arifen from fome unfriendly mixture in the tin, probably from 
Arfenic ; for other experiments have fhewn me, that twelve 
grains of regulus of arfenic, injeded into as many ounces of 
fine gold, will render it totally unmalleable. 

From the foregoing experiments, I prefume, we may fairly 
conclude, that though tin, like other inferior metals, will 
contaminate gold, in proportion to the quantity mixed with it, 
yet there does not appear any thing in it fpccifically inimical to 
this precious metal. And this being contrary to the dodrine 
of moft chemical writers, I fubmit to your better judgement, 
whether it may not be ufeful to pUblifli thefe experiments, by 
laying them before the Royal Society. 

lam, &c. 



S. ALCHORNIh 
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XXXVHf. Sur m moyen de dmner la Dtrel^ion aux Machines 
' Aerq/iaiiques. Par M> Le Comte De Galvez. Communicated 
ty 5 #r Jofcph Banks, Bart. P. R. S. 

Read July i, 1784. 

N OUS fouflignes certifions, que M. le Comte de Galvez 
nous ayant communique fes idees fur le moyen de pou- 
volr donner la direflion aux machines aeroftatiques, pour feire 
route a volouteet par un runob certain et afliire dans fair, prin- 
cipalement fonde fur dif^rentes obfervations qu’il avoit faitea 
fur I’ufage que les oileaux font de leurs alles quand iis volent^ 
et fur celui que font les poiilbns de leurs nageoires et de leur 
queue quand Us nagent : 

Nous nous Ibmmes tranfportea, Tapres-midi du premier 
Mars de cette annee 1784, au canal de Manzauares, od on 
avoit preparee une chaloupe de vingt-cinq pieds de long fur 
quatre et dcmi de large, avec une machine qu’il avoit inveiitee 
pour demon trer fes idees. Cette machine *, qui conliftoit en un 
chevalet qui alloit de poupe a proue a la hauteur de cinq pieds, 
6toit croifee en reflangles par trois vergues de bois elaftique, 
de dix-huits pieds de long chacune, ayec une aile a chaque 
bout, comp<^e de baguettes de baleiue, couvertes d’un mor* 
ccau de ta^tas de cinq pieds de long, et trois de large, laquelle 
jointe par un die fes quatre cdtes a la vergue, de fa9on que 
raJlc reHmt hotifontale. Le mouvement fe communiquoit i 
thaque vergue, et par confequent a fes deux alles, par un feul 
homme, qui tirant avec vitefie des cwdei attach^es auk bouts 
de chaque verguC) les agitoit vertlcalement, (foA re^tok que 

* Seevttb. X5Q. fig. i. 

P P p 2 quand 
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quatid dies fe pllolent, les atles prenoient k leurs extremitfsi 
une inclination de quarante-cinq degres de riioriioBk Co- 
Miouvemeut ef cdui.de la r^ailioii produifoicnt dans la chaloupe, 
oil il y avoir fix hommeSy une impuliion qui k feifbit marcher 
contre- le couranC dVi' canal cC lie peu. d'ait! qu’il failbit, cent ciii-^ 
quante pieds par minute, outre fioixaute pied's qu’elle parcou*- 
roit avail t de s*arreter depuis rinflant qu’on cei!btt de mouvoir- 
les ailes r die parcouiroit deux cents quarante-trds pieds' par 
minute, allant avecle coucantetrair, par le meme mouvement 
continu des atles^ 

Nous fhmes tons trcs-etonnes de FetFet que produifit cette 
experience car, quoique le defir qu’avoit Finventeur de mettre 
les id^s en pratique au pl\it6t, fut caufe qu'il fe fervit d’uno 
chaloups lourde et nui confVruke, avee laquelle les ailas> 
n’avoient point de proportion ; nous Ibmmes perfu.ides^ que 
la fituatlon des alles et leur mouvemeiit vertical qui. formoient 
lors qu’on les battoient un plan incline, imitant en cela les 
oifeaux et les poHlbns, feurniiient un principe Ihr et certaiix 
pourdonner une dureftion par qudque rumb que fe fok, k toute 
efpece de corps qui nagenfc dans un fluide, et par confequent 
tres-applicable aux nouvelles machines aerokatiques,. 

Cette invention nous parole digne de Fapprobation’ et de 
Feloge desphyficiensqui, fans doute, emplo3Keront leurs efforts 
pour lui donner toute la perff^ioadont elle eff iiifceptible dans 
Fexecution de Ion mecantfme^ 

£t pour conffater que la.dite experience a; etc faite die la ma» 
niere qu’on vient d'expofer, nous avoirs fign^ la preiente certi- 
ficatioo, doll qu’un de k dite maclri^e, a Madrid le 

deux Mars, mil iept cent quatre-vUrgt*quatte» D. Joses be 
V iEXA, D. AottSTiif Betancourt y Molina, D. Ricardo 
WoRsLEY, Rai>4 de S. Laujrent, Casimire Ortega. 
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ffXXIX. M txtraordinary Cafe of a Dro^ of the Ovarium^ 
with feme Remarks, By Mr, Philip Meadows Martincau, 
Sa^on to the Norfolk and Norwich ; communicated 

iy John Hunter, EJq* F, R, S, 


Read July I, 1794^ 

S ARAH KIPPUS> a pauper in the city of Norwich, waa^ 
for many years, a patient of my hither’s, and, at his do* 
ceafe, was under the care of Mr» Scott, aaci^ hn^eon, whw 
obliged me many times by taking me to the poor woman, fronn 
whom 1 received the account of the early part of herdifeaie. 

Her complaints came on firft after a mifcarriage at the age of 
27. She had never been pregnant before ; and her difchatges 
at that time were fo great as to bring her into a very weak 
condition. Slie foou perceived fooK uneahnefs, attended with a 
iwellingr on one lide, which, after a few months, became too 
large to diflinguifh whether it was greater on one fide or the 
other. As the fwelling was found to arife from water, 
it was drawn off, which was in the year 1 757. She was never 
afterwards pregnant; but the catamenia continued regularly 
till the ufual period of their cefiation. When 1 firfl law her, 
which was in the year 1780^ Ihe had been many times tapped, 
and fhe was then full of water. Her appearance was truly 
deplorable, not to foy fhocking. She was rather a low wo* 
m^ and her body fo large as almofl; wholly to obfcuce her 
fecci as well as every other pan of her : with all fhe was tole* 

3 



47 * MarwnhiIV’s Account of 

rably chcarful, and feldom regarded the operation. I faw her 
juft bcfori we took away io6 pints of water, and I begged 
leave to take a meafure of her. She was fixty^feven inches and 
a^iialf in circumference, and from the cartilago e^foroik t# 
o& pubis thirty-four inches. Her legs were now grcally 
iWeUed; but this, and every other fymptom of whicK fie 
complained, evidently arofe from the quaptiliy wi WiSight of 
water. She neither ate nor drank much, and made but a imall 
quantity of urine. 

The operation of dtprittg 9^ ^he w^for was generally per- 
formed on a Sunday, as the moft convenient day for her neigh- 
bours tx> afiift her^ and before the latter e^ad of the week 
was able to vndk vcny vnell. She was firft tapped in the ye»^ 
1757,, andi died In Auguft 1 783. Thus foe lived foil twenty, -&vc 
years with fome infterisala of eafo, having eighty tinaes under-r 
gone the operation, ^nd in all had taken from her 66^1 {muU 
cfi water, or upwards of thirteen hogfoeads. 

i will ful:^in the account the dates, and the quantiQr 
dtnwn off at each time, as given me by Mr. Scott, obferving; 
tihi^ till 176.9. Bq exadt sneraorandum was kept, except of the; 
numim of tipacs, although ehe> quantity of water dmwn tM 
was always oasaforecb .^y my father fhe was lypped tweiytyn 
(tK tinea, aver^d at 7a pints eecb time ; by Mr. Donne once* 
73 ptfUs, wbkh m^kes 1 68 j pints fk>m fome part of the year 
Aj'Sf fp 1 769* By Me. ScoTD as follows ; 



1769* 

Mar. 16. 
July 17. 
Nov. 20. 
Dec. 31. 

J770. 
April 15. 
Aug. 1 1. 
Dec. 4. 

1771. 
Mar. 22. 
July 14. 
Ndv. 3, 

1772. 
l^eb. 22. 
June 6. 
I^pt. 12. 
IDec. 12. 

* 773 * 
March 7. 

May 29. 
A\%. 29. 
3 PPC» 


m extraoratnary naje oj Vnpjy. 
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Pints. 

70 

72 

78 

70 


290 


70 

73 

76 


74 

78 

79 

231 


79 

73 

74 

82 


308 


78 

7 * 

79 
81 


1774 - 

Pints. 

* 779 - 

Pints. 

Mar. 13. 

77 

Feb. 28. 

106 

June 26. 

89 

June 13. 

108 

Oft. 23. 

9 *_ 

Aug. 17. 

92 


258 

Oft. 24. 
Dec. 10. 

99 

90 

* 775 - 



— — 

Jan. 24. 

94 1 


495 

May 28. 

9 * 1 

1780. 


Sept. 13. 

72 

Feb. 6. 

73 

Dec. 1 6. 

80 ' 

Apr. 23. 

102 



July 24. 

106 


337 

Sept. 10. 

95 

1776. 

Nor. 12. 

98^ 

April 9. 

84 

!' 

474 

July 28. 

82 


Nov. 27. 

85 _ 

1781. 



251 

Jan. I. 

itsb 


Mar. 1 1. 

94 

1777. 


Jbne 25. 

100 

Mar. ilS. 

89 

Oft. 14. 

too 

July 27. 

96 


394 

Nov. 9, 

98^ 



1762* 



*77 i 

Jan. 13. 

99 

1778. 

* 

Mar. 18. 

94 

March 8. 

96 

June 2. 

n 

July S‘ 

99 

Attg. aj. 

98 

Nov* 54. 

105 j 

1 Nov. 17* 

90 


300 


4^5 


7 


1783. 
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Pints. 

104 
100 
98 

Augr ii on opcnitig 78 

380 

Total 6631 pints. 

% 

In looking over this account it appears, that. 108 pints was 
the greateft quantity ever taken away at any one time ; that 
Ihe was never tapped more than five times in any one year ; 
and the largeft quantity in a year was 495 pints. The moft 
coUefted in the ihorteft fpace of time was 95 pints in feven 
weeks, from July 24th to September lothin 1780, which is 
very nearly two pints a day. It appears alfo, that in the laft 
X4 years of her life, when a regular account was kept, Ihc 
increafed fafter in the winter than in the fummer months. 
If the fix fummer months from April to September inclufive 
are reckoned, flie loft in the 14 years in 23 operations 1972 
pints, and in the winter months from Odober to March inclu- 
five, by 30 tappings, 2596 pints ; and it will be fi3und,that 30 
is to 2596 rather more than 23 to 1972, fo that feven more 
tappings were at Icaft necefiaiy jn the winter than in the fum- 
mer. In the months of March and November Ihe oftener un- 
derwent the opeta^on than in any other. In thefe calculations 
the three months i|i 1 783 are not included, as the year was not 
finhhed. 

If . we . compare khe famous cafe of Lady Paob, related by 
Dr, Meas>, the quantity of water takeai from her ladylhip 
appears ijnall wifen oppofed to the number of pints drawn 
• * ' from 


474 

*783- 

Feb. 14. 
May II. 
July 20. 
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fh>m Saiah Kifpus. The oue loft ipzo, the other 6631. 
It muft be confcfled, however, that Lady Page colleded fafter 
than the poor woman whole caie 1 have related. 

I come now to Ipeak of the diftefliion, and to make fome 
obiervations on the whole. On the 10th of Auguft 1783, th^ 
poor woman died } and the following day Dr. Dack, ati emi- 
nent phyfician of this place, accompanied me to open the body. 
I firft drew off" 78 pints of clear water : fuppofing, therefore,’ 
all the water to have been taken away at the iaft operation, 
then in three weeks fhe had collefted 78 pints, which is more 
than three pints and a half in each day : a quantity far exceeding 
what Ihe had taken. I then opened into the cavity from which 
the water came, and feparated the fac from the peritoneum-, 
and found the fac had arifcn in the ovarium of the left fide* 
After this, I differed out the uterus, with the right ovarium 
in a natural ftate, and thus obtained every part neceflary to 
ihow the difeafe, viz. the uterus, the right ovarium found, and 
the left enlarged into an immenfe pouch. The cyft itlelf was 
not very thick, but lined in almoft every part of it, but more 
efpectally in the fore part, with fmall offifications. The peri- 
toneum was prodigtoujly thickened, and thus, by its additional 
ftrength, became the chief fupport of the water. There was 
fomething fingular in the fac itfolf, for it was rather two than 
one, from there being an opening in the fide of what appeared 
at firft the only cavity, which led to another cavity, almoft 
equally large with the firft, fo that if all the water in any ope- 
ration had i\ot been evacuated, it muft probably have been 
owing to a difficulty in its paffage from the focond into the 
firft or more external cyft. From the fize, however, of the 
poor woman after each operation, it is evident, that in her 
there being two facs did not prevent the totaK drawing oft of 

\ol.lxxiv. aqq 
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the water. The other viicera .appebred all in a ©aJurll 
The intelliiies were quite empty, and puttied up under the rib^ 
lb as to have left but very little room for the expaiitton of the 
lungswithiii the thgrax. The bladder was contraiSied, or ratlysr I' 
fhould lay appeared leflened. The kidntiys were healthy, aiid 
both ureters in a natural ftate. The fac is in tlie colie^lion 
of John’ Hunter, efq. 

• In reflecting upon this calc, an obvious queftion arilcs; 
from whence proceeded this immenfe colleCHon of water ? 
At different periods of this poor ivoman’s life the quantity 
drawn off, withouj coiifldering the urine flie made, was 
much greater than the fluids Ihe drank, which appeared from 
meafuring whatever (he took. It appears then pretty certain, 
that this luperabundant quantity muft have been taken into the 
body by abforption ; and if we allow the bodies of animals to 
have this power of abforbing, which we very well know vege- 
tables are poflefled of, it will account for many appearances iu 
the animal oeconomy. This poor woman colleded falfer in the 
wet moift months of winter, than in fummer. 

From all, this happy conclufion may be drawn, that although 
human art is at prefent infuflicient totheperfed cure of difeafes 
fimllar to the poor woman’s cafe I have related, yet nature is 
Continually defending herfelf from fudden death ; and fuch 
relief may be granted as to protraCt life a long time without 
much pain, and ofren with intervals of great eafe and comfort* 
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XL. Metbodus invenienii Linens Curvas ex propriefatibu's J^aria- 
thnis Curvaiurte. AuSiore Nid)Iao Li»iderl>eck, . Mnthef. 
Profejf. in udcad. Upfalienji Adjundio. Communicated by Nevil 
Malkelyne, D. D. F. R. 51 and AJinpnomer Royal. 


Read July i, 1784. 
PARS S E C U N D 


C URVAS, cx proprietate variationis curvaturae invenire, 
iudice per fuu(Sionem coordinatarum cujufdam expreflb, 
problema etfi indcterminatum eft ; juvat tamen ad curvas cog- 
iK^endas, qiium facrk et iponte feie ofterunt conditlo^ies deter* 
minautes qui rei conveniunt et quae in cafu quovis examini fub- 
jedlo locum habent. Quo conliilb et qua arte calcukim rnire 
oporteat, ut.et htec^t his affinia peragcxida iiut, quae ad curvas 
ex curvaturae variatione cognofceiidas pertiueant, per theoremata 
^lae lequuntur, exponere conabtir. 


T H E o R E M A I. (Vide tab. XXI* %• 2 .) 

cwjufdatn LC index variatitRxis curvaturae ik T, 
radkts cutveditiis R, Iwms.auguli BC 0 «p, polito d»u toto i, 
arcus ciMjy^LCs opordiuatx perpendiculaxcs x cty earunaque 



Tdi 


fluxioues dp, d%, ebc, et dicantur, eri| 


J 


Qgoiuara dx z. - R<^ 


* 

See Vol. LXXllI. p. 456. 
Q q q 2 



Methdus'hvtHiti^ Lhta* Curves 

et quum •'T<fe crit R ^J' Xd% et fubRit\)tione^^^~ •• 


^i-p” 


Cor, I. Hinc obtinetur^® ^ ^ ~ 

Ap^ 


Vi_ 


1 -/.* 

Cor. 2. SI Tangcns anguli BCD per r, Secansper r defigiicn- 

,1 Sbi dr . dx dt 

tur habetor 7 — 7=i==*' 

J’tdk *+' /m av'TITI 

5 cj&o/. I. Ex hoc theorcmate facllis deducitur method as genc- 

raliter calculaudi varlationem carvaturae curvae cujufcamqae. 

, quantitas vero datur, data 




Nam/T<fe 


inter xoly relatione. St valor qaantitatis - 


dzV I ■ 


= Z func- 


tiont curvac f T<Ai = Z et fumtis flnxiontbus T'dz — 'Zdz qua 


dz-r^] 




per 


Ts»Z fundlloni ipfius a. Si valor qaantitatis • 

M 

p expreffus, erit f Tdz^V fumtifque fiuxionibus Tife=sP<^ « 

I 

T » ", qua: funSiio eR qaantitatis p, in poteRate lemper eR 
dp 


per p expnmere. 


ScM, 2. Hujus etiam theorematis fubfidio inveniri poRunt 
curvae ex data relatione inter T et », R et x, R et_y, et R et 

Si cnim (it T = Z funftioni quantitatissi, erit f Td» = y' 'Ldt + A, 

vi theorematis ' j — • f=s ~ “ -- — ■ : et intesrratione 

fZdz-^A Jvd%J ® 

f — 4. C « - . Pofita r — + C = et N nu- 

J J'UzJr^ ViZp JjZ.z + A 


roerua 
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meres cujus logarithmus hypcrbolicus 1 habetur 
kSv'-'-m-V-i NV-t4.^-V-» 

J txpm ^ qujB funaiones funt 

^uantitatis 2>y quibus politls Z ct\/i — rcipcaivc proveniunt 

*( “ “ fzdz tty ( =: fpdz) = f d%*J x-Z' 

quarum alterutra curvarum indoles iuuotefcit. 

Si R = X funaioni abfeiflie x provenit = et 

hitegratione X ( = C = p unde >/T^' = slTI± et 

^ ^ ) ~S cnrvx indolem exprimens. 

Et fi R = Y funaioniopdinatae^, habetur^ ( = ^^aa_ 
et integratioue t (=y'^ + C) =: unde >> = 

\/i - et x(S ) = r Y<t, 

* * V”*' P d J ~7==rquae cxpnmit natu- 

V i-Y* 


ram curvae. 


Hinc colligitur quod quotics perfeae integretur etr 

/ r -^ — obtineatur per arcus drculares dum aut f Zdz aut 

J Zdx.+h ^ •' 

J' d% V^i - Z* abiblutam admittat integrationcm, curvje erunt 
reaificabifes, et algebraicae, fi relatio inter *■ et z vel inter et * 
in relattonem alg^braicam inter x tty permutari pofiit. 

Evidens etiam eft quod fi X fiinaio eft algebraica quantitatis x 

vel Y quantitatis et non iolum ^ vel ^ fed etiam< 

I I 

vel ~JJL.Y ' quantitates perfeae integrabiles, curvae evai* 
Vi-x* Vi-Y* 
dunt algebraicae, alias tranfeendentes. 


Exempt, 



4So'‘ 

Extimpl. n Ihve«'iei\d4 fit tlbi rk^i^O CfOtVatUt^ 

^ jr 

Sj J i t — . Ut fimpllclor reddatur calculus -poitatur* 

^' b« + 27^1 * — 4 ^" , , . .•._j , 

- j« ’* ^6V^4»’ 


bf/-f 273! ‘ = u cta^ — i Srlt z • 


“■ "“Il 


ct f Tih = *■* 4 - A ; fit eon'fikns hie A=:^, quod 

V * * 1 

acculit evanefcente J'*Vdzu=‘b^ habetur per theorema 
— )^ ~ ctinlbgi^tj 6 ne + C =i: - 

li- 4 /^ J T d'z J ^ i —l>“ J u — 4 ^ 

^y’ ctijus Jttj^iationis tenmini quum fibt arcus circAlares 

quorwmfinus cofin lisjfr ‘‘•*^11 pofito air^u 

cwiftanti ’C:::: 0 , oTstififCtiif y **' ^ 4. B) =5 


u — i,b ‘Jb 


Abyb 

9' 


nam B=~^, pofi^a y “0 et atque Ar(;= 


J'dz\/i-p‘)- J' -~^- - quibus aequationibus ex- 

tetoitta’m W ifubftittat* a laAl«t®r ■= jic^taa|uatb |m>o paarabfcia 
c^bica. , • _. . 

Exempl. a. Si fit variatio curvaturae T ev\tJ'*Tdz 

et fi Z = * <2 erk cuuj31a«S A:i»*2^atq\»e 

vi tjieoremat^ * b-t y ■'it iilffcg^ioae 

y’^l^q.Crt J * » pofito arcu conftauti C=so ciptcri 

flint aequalcs eorumque finus et cofinus, uiidi \/i— 

et ( = 

’ j&^) 





ex ^i^Uiatibus V matmh Q ' (T. 48 1 

s <iuiljus conftat cuc^Ham efle cateoaEiam. 

e 

Exempl. 3. Sit vatiatio curvaturae T *= 


=: s/ zaz — per thcorcma 



periuf«^gratloi»emy'pi,*=|^ + P==f fi arcus ille 


fl. 

•/> 

coullans Csso, cspteri funt asqualLes eorumque fiuus et colinu^, 
quo /rT7= 

sequatip pro c^cloide ordioaria* 


THEOR 5 MA II. 

Manentibus antea adhibitia denomiuationibus erit 
‘‘P 


dx 




1 — /r 


Quouiam ~-dp\ -erit dividcndo per y/i -p% 

= - . Propter i ; :: CP(R) : CF=Ry 7 = 7 , 

fed di.x df ( :: quse fluxio eft ipfios DE, qqare 

DE=' fTh, unde CF = jy+ f'Xdx qua pto R\/i -/*fubfti- 

tuta, prodit — ^ — = - -Mssx . 

Cor. I. Quantitas dy + Tdx femper eft perftxfte int^rabiiia. 
NamT</A;= - et ~ unde dy-\-Tdx=^-^=r- 

db Vl-p- Vl-p^ 


d'c 

riTT^ 


df 


ddx"^ i — p' 


et iiitegratione_y + y * Tdx = -r- £^5^2 . 




Cor.. 
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Cor. 2. IKcatur femtchoi^a cumtuetie CF Ff obtinctur 



Car. 3. SI Tangens anguU BCD per r, Secana per rddrgDen-^ 

tar habetur — yz? **• * — TZr~ ‘~"ZrP^* 

y-^^jTdx y^JHax 

Sciol. I. Per hoc theorema via etiam patet calculandi ge^ 
ralitcr variationem curvatorw. Eft enim J'’TdxmL - 

quantitas vero datur data inter x etp rela- 
tione. Sit valor quantitatis — = X funftioni abiciflie x 

aequatione ad curvam iaventus, crit J'Tdx y et fumtis 
fluxionibus "Xdx = '^dx - dy^ qua T = X - ^ ubi tam ic quam 

^ funt funfliones abftiftx x. Si valor quantitatis - 
a.P per p expreftus* crit y TdxszP -y fumtilque fiuxionibus 
Tdx = Pdp - dy, qua T =» ~ - -7^=5 ubi ^ funAio eft quan- 

titatis pt nam ^ per p exprimi poteft. 

ScboL 3. Hoc adhibito theoreniate Inveniri etiam poftunt 
curvas, ex data relatione inter T et a', F et x, F et^, F ct *, 
et F et p. Poiita enim T futi^rioue quantitatis a*, patet per 
curvarum quadraturas, aut perfe^m aut imperfe£tam quanti> 

tatis Tdx obtmeri integrationem. Sit J’Tdxxzyi-^ f 
fundioui vel algebraicie vel ex parte tranfcendenti ipfius a, 
cujus terminis homogeneus valor ipfius ^s: y "kdx capiatur^ 

ilque ejus indolis uty* i + XdXf vel quod idefn eft ^ +y Tdx m 
3 ' X 4 * 



ex freprktdt'ikus Varn^imh Curvafura. 4.8^ 

X+y* intcigratione abfoluta habeatur, permancntf 

T«& = Tdxs / 1 — X’ perfe£le intcgfabUi. Per theorcma dcindc 


habetur 


/•r 


tioncm 


X+Zx + Xi/jf 

/ " 


(— — “^1 — \= TOBT, et ptr integra- 

^ y+JrJx‘' ^1-/ ^ ^ 

+ c = - f -±= , fi pon-uur 


f 


X+/X+Xi;f 


//v 


x+/x + x-i«- 


+ C = ^ et N bafi logarithmorum hyperbolicorum, 


j nV-'-jj-V-* NV->4-N“V-f ^ 

critv/i-p= ctp= ^ , v^i-/ 


et^igltur funt funftiones ipGus a;, quae fi ponantur s/j — X* 

/ Jti 

j aequatio qua curvas 

intemofcuirtur. 

Si fit F = Y funiftiom quantitatls y erlt per Cor. 2. 
7 ( = y ) == " 7?7 integratione y^d- log.C « log. y/i~p‘, 

T^mVixJ'Y = k et N logarithmorum bafi, erit fa£lo ad qtiaii- 
titates abfolutas tranfitu CWzzt/i—p^p^ y / 1 - et ar ( *?» 




)=/? 


CNVy 




aequatio quaa indolem curvae iudi- 


r , 

gitat. ' 

Si F s= Z funfliioni ipfius t eril ^ et integra- 

tione y^+^oS'CsKlog.^'-^, et fi J'^-^ ct N bafi logarith- 

mica faabetur ety-//is) = qua 

curvae cognofeuntur. 

VoL. LXX1V» R r r Gonftat 



4t4 Cmvm 

C(»iikt tiinc quod quoties pccMto i^l^,myem 

M 

habeatur P j)er arcus circularcs d»m ..^Snn abfo- 

X + /x + Xdx Vi-X* 

lutam admittat Integrationem curva fit algcbraica, fii vero aliter 
evenerit tranfcendens. 

Quoties ^ fit integralc losarithmicum ct — abrolutam 
^ ^ o o v/i-C'N‘* 

admlrtat integrationem curva eft algcbraica, in aliis cafibus 

tranfcendens. 

Et quoties per logarithmos inveniatur, abfo- 

lute fit iutegrabilis pariter ac curva eft algcbraica, alias 

tranfcendens. 

Exempl. I, Si fit variatio curvaturae T == erit 


+ ^^^ 3 — , ft ponatur y» habetuf y+ J'Tdgxs 

adhibendo theorema r- 

— T~7~) ~ *” ~^= integrando f — + C =: - 

S v^p** termini funt arcus circulares quorum finus 

ai/T—;y ^ 

arcuconftantiC,qoare^(*y^;^j= 

Ct in boc cafu curva eft eUipfis. 






+ C =: — 


eTanefceaCB 


4 





e* pvptaiatihi WmMoMs Oth}atitr^, 4ij 

Exm^. %. Sit jam viriatlo corvatur* T= ~^*‘*'** erit 

fefta integrationc habetur^y ^frdxsx 


I+JfV' Q.ax^; 


Theore- 


a£^tt 




dx 


dp 




Ct 


matis Itaqucauxilio erit -r=^-==, — , 

_ = C* - P~^Lmmy fi vero arcus iUc 

X* «/ V' I _ *• 


integratione ^ 

° ^d + if/aajrH-x* */vi_^- 

conftans C = o cajtcri funt acquales eorumque firms et a^us, 
unde \/i p s -f_et y( = \ 

xquatio indicans curvatn effe eaten ariam. 


TMEOREMA 111. 

Dicatur coiinus anguli BCD pofito radio c, OKteri/^e 

manentibus denominationibus erit -7 -^ — ts . 

yx^f-jr V'l-f 

Eft cnim « ay, qua per divifa, dat ^^^i^^^ = ; 

et ob I ; ^i -q ' :: CD (R) : CG = R y/i - q\ fed dz \ ^ :: 
*tiz : cujus integrale eft AE= (-^ 

A£ - AB) » j^dy - Xy qua pro R v^i -y* fubftituta, j>rodic 

J i/l-/ 

Car. I . Semper admittit pcrfwftam integratlonem. 

Etenim quibus 'Ydy — dx» 

,et iutegtatipne fTdy.- x • 

R r r a Car. 



6 Meih^^ Umdk Qrmr 

Cor. , 2. Dlcatur femichorda curvaturae CG G, habetur 

V'"^ 1 ^ O 1 ^ ^ I "> ri-. * 

Cor. 3. Dlcatur cotangens anguli BCD /, ct cofecans v crit 

Jj — et 

J'T 4 j—x 1 +'" j idy — x v‘d'v^—1 

Scbol. I. Quoniam J''^^y — * = ~ daturex data relatione 

inters et fit =» Y funftioni ordinatae _y crit y* T<^ = 

Y-at fumtifque fluxionlbus = qua T = Y — ^ 


fundtionl ipfius_y. Si autem 




^—q 


Q fundloni ipfius q 


tx\X.J^'Tdy~(^Xc^ fumtls fluxionlbus 'Vdy — Qdq-dx, qua 

t 

habetur T = ^ — -rd.-=z. per q. 

Schol. Hujus theorematis auxilio elicerc licet curvas data 
relatione inter T ct jv, G et j, G et x, G et s, et G et q. 

Si enim fit T fundio ipfius y genejraliter f Tdy = Y + f^dy + A, 

quae fundio eft algebralca ipfius^ quotiesy'Yi^ ablblute fumi 

poflit. AfiTumaturx^- J'Ydy^ tali ipfius y fundioni ut non 

fo lum/ Tdy~x = Y + f ^ + ^dy fed ctlzmfTdz^^ f'Tdy 

VI — Y* abfbluta integratione habcantur, provenit vi thco- 

rematfs j = ~Lz=z et integratione 


Y + / Y + y</^+A J Tdy~x 


r - 1 r- - r 4 

' Y+/y+y<^+A y+/y+YV/+A' 

C « / et N bafi logarithmica erit q =* et - j* 


Fofita 


2 



ex proprietatibus Vanatimts Curvature, 
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qua? fundioncs funt quantitatls y, qulbus 
pofiris i rt s/TTy prodit ( =fy^.) 


tio quae indolem curvarum indicat. 

Si G = X fundioni ipfius * erlt per Cor. 2 . ^ » 


et intfgratloue log. CN' ( = /*— + log. C) = log. — fi 


CN' ' ^ CN* 
qux* curvac naturam indigitat. 

dz 


=4 <-'xindc 
— 

SI G IT Z fun(SHonI ipfms % erit ^ et integra- 

tionelog.CN'(= J + C) =log. = 4 undey = 

i+C'N*^ ■' i+C*N" J ^ J ^ ^ 

“ quibus curvae cognofcuntur, 

Patet hitic quod quaiido Y + f Ydy algebraicc habeatur 

/ 


dy 


JM 

iv/v 


Y + /y+\Vj- + A 


per quadraturam circuli, ety^ 7^ 7^ otian\ 


obtineatur algebraice, curvas cvadunt algebraical, fecus vero 
tranfcendentes. 

Q^ando J* ^ vel J* ^ obtineatur per logarithmos, et 

quam f abfohita in- 

V/C»N*'-1 ^ i+W' * l + C*N=^ 

tegratione, curvs erunt algcbraicae. 


ILxempL 



4^ 


Methodus 


ExempL i. Sit index variatiomscurvatunBT=^«rky*ri^=: 
^4- A, fi quantitas ilia conftans A— evenit quum 

tt yrzo; fumatur erit vi tl^rcmatis 

( = 7 ^) 

>cu)us aequationis termini quoniam iiut arcus circulares quorum 
fnius q = et cofinus \/i -f* = conftanti 

C =Oj <Atinet?ur »•( = /^— \ =: ■^aquatio pro parabola ApoI« 

loniana. 

Exmpl. 2. Si fit T= ■ — habetur J' Tdyzz. f - 

y/ 4- A, fi quantitas ilia conftans A=o quod evenit quum 
ct et affumatur x-=. J * evadit per 

fiioorema - , ct per integratbnem 

- ^ r 4-*^— ^ ^ quorum arcuum finus yrr 

ct cofinus 4/1 - q' = j fi conftans ilk Crro, atque inde 






qua patet ourvam ofie tmdsomm. 


THEOftSMA IV. 

Decatur futnma tangentium angulomm HCD et BCD ff, et 
differentia tangentium angulorum HCD et CKB fetentk 

reliquisdenombatiooibus erit ct =c -7^=5. 

^ yiWr rjz./ 

Qu«mkm 



ex Vsrie^mk €Wtvii«rir. 49^ 

^ ^ et qiram 


Qgpniam ent <$^4. T<£r= T 4 

H— T 4* habetur <^ 4 ‘T<fe'=:H<Af. £odeni modo quuui 

~ ^ T^~ ^£r=:T -■ yjL;^ fed K=:T — — >-i~. ^ 

imde^T^ -AT =:Ku^. Per theorema igltur 2 et 3 provenit 


<*<■ 




^7 


ct . 

fiidx y'\—f / Ktfji v^l— y* 

Cor. Si fit ut antea tangens anguli BCD r, cotangens /, fe- 

dt 


cans j, et cofecans "o. erit 

J-Od* 


dx 

J~mK 


dy ^ ^ 

J lL<Jy V V't/*— I 




jh 

Schol. Ope hujus theorematls invenire licet curvas, data rela- 
tione inter H et AT atqueKetji. Itaque fit H=X funftioni 

jpfius A? erit J* H^a.'=: J Xi^v4- A, vi theorematis — ( — 

~ -7=^»» integtatione C h C = - C ~ 

v'l-/’ JfXdx+A^ J 

Pofita^jjpr^^^^+C = »/, et N logarithmorum bafi prodit 

N-V— » - N— v'-* I 1 

V * — et^trr ,quibusfunc- 

tionibus qoantitatis x pofitis V^i - X* et X provenit asquatio 
y =— naturam curvarum exprinaens* 

Si K=:Y function! quantitatis eadem calculandi ratione^ 

1 

habetur at (^=: ^ , squatio qua curvae cognof- 


cuntub 


QtuudQi 
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Msth&dus kvaimdi Limat Qtnm 


Quando /* Xdx vel J' Ydy aWbluta integcatione, ^ — "Vel 

TTTTX per redUficatloncm circuli, ct f vel f 

iutegratione perfc£l:a obtineantur, curva eft algebraica. 

ExempL I. SlfitH= A,etpo. 

fita A — o babetur per theorema < — 7 -^ ) =: — ; 

X J H</a / i — p" 

et per integrationeoiy^ri^^ + C = cujus termini 

quum fiat arcus circulares quorum fiuus \/i —p ■ ct 


cofinus p = , pofita C = o, obtinetur y ( 


qux parabolara Apollonlam exprlmit. 


1>dx 

y'l-/ 


Exmpt. 2 . Sit H= mxj + A, 

ax V a ^ ax ^ ^*9 


et 11 A=o, per theorema = 


axdx 


(=A)= 

^ / HdxJ 




J Hdx/ V^l— 


et 


-f — at' 

per iutegrationem r — + - f 7 =^,ctfiC=o, 

kx X ^ 2a ^ a -*x %/ VI — 

r -/atj*- ** ^ y^2a^-x‘- ^ J ~J 

®quatio pro curva linuum. 

3 . Si fit erit/K^j>^=?±l2^5+? + a, 


ft A = o habetur per theorema --■- " ^ _ et 

Integtatione/ 

= 7 ^) = 

sequatio pro hyperbola aequilatera. 


Exempt. 
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Bifmpl. 4. Sit K = crlt f ILdy =r A - ^/a* ct fi 

A = 0, per theorema - ( = A j ^ 


tionera-y'-;j;^ + C=/“ = 

^ ct </v ( = ■^==s'^ = quae Tra£loriam cxprimit. 


THEOREMA V. 

Defignetur produdlum tangentium angulorum HCD et BCD 
per U, et angulorum HCD et CKB per V caeteris manentibus 

«,it j-±-.= ct -4— = 1?. 

Jvdx^x p y + q 

Quoniam dy=z ct U = 4 ==! ) = 

^ ^ V'l-/ V'l-/ 

\]</x^ et integratione J'T(fy= f Xidx qua fVdy-xr^j' \ 3 dx-x. 

Et quoiiiam dx =* ~ ^i L r et V = — — erit Tdx ( = ~J^L- \ =* 

^ Vt-q ^/i-q ^ v'rr^/ 

J* ^ ^y ct J''Tdx=y+ J' Vdy, Theorematc 






4 q 


- — et 

^ y+ ? 


2. et a. prodit , 

^ * /\ 3 dx~x 

Cor, Si anguli BCD tangegs, cotangens, &c. delignentur ut 
antea,Iiabetur -r 


dx 


dr 


dy 


dt 


'f\}JX~X~ >■ .1 + 7 ^* Jxjy t.\ +«"’ 

SchoL Per hoc theorema curvae mvenluntur ex data relatiotic 
inter U et atque inter V ef^. Si enini lit U = X fuudioui 

ipfius X erit J' \Jdx— y'X^v4- A, per theorema 


J XA*— -» + A 




- --.^1 

J\Ux-x) p' 

VoL. LXXIV. 


dx \ 
Idx—x) 


ct per integrationem 

Sff 


<ix 


J TLdx-»+h 


+ log. C < 


log* 
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Metbodus inveniendi Uneas Curvas 

dx 


log. ^ . Ponatu^yp^ '~+A ~ ^ ^ logarkhmlca, eric 

- 1 $/ O^IVT** 

- = CN\ v/i-^“ = 

P 

f: 


.L=CN-,/ = 5^, = et, (=^) 




qua aequatlone curvaruno indoles iunotefeit. 


v/c"N“-i 

Si V = Y fundioni ipfius _y, eadem calculandi ratione pro- 

veni r <i'h \- r r 

t ^ ( 'y -J cognofeuntur. 

Evidens hinc eft quod quoties f ^dx ve \f\Jy algcbraice 
— vel P - — perlogarithmos.atque P — 

JXJx-x+h ^ ^ ^v^C\N”-i 

vel r — — iutegratione abfolutay obtincantur, curva eft 

J v/i-C'N” ^ 

algebraica. 

Exempt, I . Si fit U = 3 erit J* \ 3 dx =» ^x + A, fi vero J’ Udx = 
- quando x ssq erit A = - et / Udx - .v = — — . Per theorema 
igituf per integrationem log. 

^a + 4x + log. C = log. ly pofita p=t dum * = o log. C= 
log. y/dy unde fado a logarithmis tranfitu , qua p ~ 

aequatio pro Parabola Apolloniaua. 

Exempt, z. SitU cv\t J'\]dx=^^^-t^^^ Ay fi autem 


1 ^ 


J^Udx o tt xxzihy Zy erit A~o ctJ’\Jdx-x=»^-^-^~^' Vi 

igitur theorematis erit ^ f^tx k ) " “ ^ integratione 

4 log. 



ex pr^rietatihus Variatioms Curvature. 
jog. + C= log. j qua / 


a%/a 


; -/ = 


dx^/'!!rzxi 
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aV a 


*** cumin quaefitam. 


Exempl. 3. Si V= -\tntf Viiy = A-l , pofitay' Wdy-o 
ety^o erit A = 0 etjy + J* Vdys .^- . Per theorema obtinetur 

integratlonem log./+ log. C = 

log. g, a q^i et y = tf erit log. C= - log. a\ unde qzzi,^ 

f- \ ~ 'Vv 


Va 4 _y’ 


curva 


ergo 


v/r- V‘ = atque dx ( = ^t) 

eft Elaftica, 

Exempl. 4. Sit V = erit Vdy =s A - — • 't— , ft y* yjy 
= -3<7 et^ = 11 erit A = 0, indeque y" Vify= -lii!. The- 


orematls ope habetur - integratioue 

■*■ C = log. ft ^ = I et^ = o erit log. C = log. a 
et exinde y , y/i ct i/x ( = -7?^ ) a 

~ ajquatio pro Logarithmica. 


THEOREMA VI. 

Dicatur ED L, et AE M, rctentis prasterea adhibitis deno- 
minationibus erit ^ ct ~ =: 

'Quoniam dz i dx :: Tdz (</R) ; Tdx habetur dhziTdx et 

Sffa dL 
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= dx. Et quouiam dz dy x: Tdz (</R) : Tdy obtinetur 


Cor. Quum Tdy—JJdx et ’Vdx=Vdy^ erit fubftitutione 


du 


dy. 


Schol. Hoc adhibito theoremate inveniri poffuiit curvae data 

relatione inter T et L, T et M, atque inter U et M et V et L. 

1 

Ponatur LrrT funflioni quantitatis T habetur per thcorema 
~ (zz^^zzdx et integrationey^'^- + C = a: qua T per .v datur. 


Curvae delude per theorema 2. elici poflunt. 

Si M=T ipfius T funflioui, habetur eodem mode T per^. 

SiM=U fundioni ipfius U, obtinetur U per.v, et fiL= V fun«- 
tioni quantitatis V, datur V per jy. Per theorema delude 3. et 
5. curvae inveniuntur. 

Evidens quidem eft quod curva? efle non poflunt algebraicjD 
nifi ^ » J' ^ vel J ' ^ , obtineantur iutegratlone ab- 

foluta. 


Exempt. I . Si fit L = erit dL. = per hoc theorema 

et intcgratione— +C = A? quaT = -^ , fi 

C = o. Per theorema a. reperitur_y = y/ax^ aequatio pro Para- 
bola Apolloniana. 


Exempt. 2. Si fit M = - A erit dM . « 

J a . i + T*r 


_£rvr 

aTT+fr 


et 


ope theorematis (zz~\ 

^ 2.j+Tq^'‘ T J 

+ C»;;, quafiC = o, T=:~g^. 


dy^ et integratione 

Per theorema 3. habetur 
dxxx 
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%dy\/y 

y'a"- 4 jf* 


ex fnyrtifatiiui 9''ariationis Curvaturee, 
aequatio pro Cycloide ordinaria. 


ExempL 3. S\£L= -tf^Verit</L=: et per theorema 

~ ^ Integratlone + C rrjy, et fi C = o, ha- 

betur ^ ~~z ct deinde per theorema 5. dx •=: , qua con- 

ilat curvam efle Tradoriam. 


THEOREMA VII. 


Dicatur ut antea CF F et CG G, et fumma tangentium an- 
gulorum IICD et BCD, H, et differentia tangentium angulo- 

rum HCD et CKB, K, erit "^l-dx et ~ =dy, 

Quoniam dF {=idy-{-Tdx') =Hdx ct dG ( = frjy-,') = 


K<^provenit ^^zzdx et — =dy. 


Cor. Quum F = — — ~ ^ proveuit divifione 


IH 


Jb _ JCr 


✓717 ""I” QK 
Sc 6 o/. Auxilio hujus theorematis inveniuntur curvac ex data 
relatione inter F ct H, G et K, H et^ atque K et q. Nam fi 

fit F=H funiliom ipfius H, vcl G=:K fun£tioni ipfius K, ha- 

t I 

betur per theorema ^ iutegratioive /-jj- + C =;? 

I 

qua H per a: datur. Eodem modo — ( = = dy et integer- 

f 

tione ^ y Theorema 4. ulte- 

rius proeredienti viam moullrat ad curvas inveniendas. 

^ ® Patet 



49^ M(th»ctus invenUn^i IJmat Qtrvas 

Patet quod curva non fit algebraica nifi vel J ~ obtine- 
antur perfej^a integratione. 

Exempl, I. Si fit F=^^==Bg, habetur per tlieorema — 
(=^) etintegratione ^/^g^ +C= -ar quaH= - 

pofita C=:o. Per theorema deinde 4. provcnit_y= 
v/<?* - ** aequatio pro circulo. 

Exempl. 2. Sit r = , ent per theorema 

«.h*-6+hv'h^^2 .dK f j ^ 

^ h) ~ ^ integratione faSa 

a . H*-6 + Hv'H^-i' 2 , . /- i-. t • Vt 


+ C = X, et pofita C = o habetur tl = 


theorema 4. prodit jy=:^<3’;e aequatio pro Para- 
bola Apolloniana. 


Exempl. 3. Sit G=: crit per theorema ( = 

integratione ^+Cojy, et fi CsoK*^ unde 

per theorema 4. qua conftat curvam elTe Logarith- 

micam. 


THEOREMA VIII, 


Dicatur ut aniea produdum tangentium angulorum HCD 
et BCD U, et produdum tangentium angulorum HCD ct 

CKB V mancndbus reliquis dcnominationibus erit = dx ct 


Qiwniam 



ex frt^ktatibus yariaiienh Cw^atura. 

Quoniam G « - x erit i/G = TJy - dx^ fed Tdy = \]dxy 

1- i/O 

unde ^G = U- g-^ = </v. Eeodcm modo "^uum F=a 
y + J" Tdx erit d¥'=:dy + ’Vdxy fed TdxzzYdy quarc </F=s 


i+V^et^ = ^. 

Cor. Quoniam G = — et F = - , habetur fub- 


ftitutione debita 7—.^ — = - et 

G.U-i p F*i+V q 


J? 


dq 


Schol, Ope hujus theorematis indagantur curvs data rela- 
tione inter G et U vel inter F et V. Nam fi fit G=»U fundioni 
quantitatis U vel F = V fundioni quantitatis V obtinetur per 

theorema in cafu priori = dx et integratiooe 

^ + C =: Jf, qua U per x habetur ; in pofteriori J 

= ^ et integratlone J* qua V habetur perjy. Per 

theorema delude 5. curvae cc^ofeuntur. 

Datur etiam per Cor. U in />, et V in y, et confequenter T 

in p vel y, nam U= — 


et V=-i-S=i. 

Vi-i 


d u 

Conftat hinc quod curvae non fint algebralcae i\\£\J vel 

I 

iobtineantur integratione ab^uta. ^ 

Exempl. I, Si fit G = ** ■ erit per theorema (=*, 


j s dx ct mtegrationc log. i - U + log. C = ^ et fi C = ^ 

log. 
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log. 


Methods taveniendi Uneas Curvas 


o*.i-U tf.i— U - rT_« — aN* r» 

V . = — et — r — = N* qua U = j— P« tneo- 

2 a ^ * « 


remadeinde 5. habetur quaconftat curvam eft Loga^ 

fithmicam. 

Exempt. 2. Si fit T *» theorema 

od'Sf y ^ P \ f ' a . ciy^ V “4" 3t 

■ ;^ 3 ^vy; (“Trv;=4’ « pcf mtegrationem qu» 

V ^ ; «t per theorema 5. , xquatio adcur- 

yarn cujus couftru£lio a'quadratura hyperbolae dependet. 


‘VHSOREMA IX. 


&ht LC et /f duae curvae eandem habentes Evolutam QD, 
dicatur radiorum ofculi CD cD conftaiis differentia iC by curvae 
I c variatio curvaturae S, ceterifque Ut antea manentibus erit 
t/R _ dp 
RTis" -/Til/’ 

Q^oniam radius cifrvaturas DH evblutae fit RT=:R-^S, 
~R^ ^ ( =Tife) = - multiplicata, 

moftrat effe g=^r-*= - *7^^ . 

R_^S 

Cor. Si fint ut antea tangens anguli BCD r et fecans x, ha- 


u * 

betur==sp-= - 
R-Is 


dr d^ 

■ ■ M jjg WL "SSStBESSST" 

T+7* 


Sebot. Subfidio hujus thcorematis in venire licet curvas, data 
relatione inter S et R vel inter S et T aam ^ = 5-^ . Itaque fi 

I R ^ * 

ponatur 



tsvmtturm, 4 ^ 

lunaiooi radii curredin^R, crit \ 

'ss -"T&ii, ctintegratione/'.^ +C= - f Sit 

° J ^_i{^ J v,_/ 

/ i/R* • ^ , P-- 

=s=rj+ C =r y* et N Iqgarithmorum bafi habetur v^i -y‘=: 
JL-IR 

3jA^-‘ - N'A'-* K/v^~’+N“Af'“> _. ., . . 

3^"" et p = — — ■ ■■ ' ^ - functioniomq«atitatt» 

R, quibus R per ^ exprimi poteft. Per theorema igitur i. 
curvas intemofcere valemus. 

SiRa:§ fundloni quantitatis S habetur 

R — ^ S 


S-^S 




quibus S per y datur. Ptr tbeoremata Partis I. invenire licet 
curvas omnes candem evoltitam habentes. 

• • Z' afR 

Hue videtur, quod curvae JKia Imt algebnucae nili / .»»»> 
;t # '' R-*a 

A 

vel ff=r- per circuli re£tificationem obtineatur. 

J S-JS 

Exmpl. I. Si fit S=-^ — fuppofita btza, erit per 

(= inttgratioos 

f -J^^Sr^-Cs -/' fi ve» arcus ille conftansC^O' 

J aRv^k-a J 

erit »/ 1 ~ y » *1'** R=qp*, et per Cor. 1. Theor. 1. ha- 

betUr 


cquatiaproCatenaria. 



Exempl. %. Sk pofita per tjheomxui^ 

-m «=^)= -7^«&a»««®>a>e<^+c 

zs -- '^~~^* ^ C=o, habctur ^/i — /* = ^i^w| et Rz= 

lilS2. Per theocema uJxzz ^ y~- qua conftat curvam. 
efle Tra^oiiam. 
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Delcrizione di una Machina Meteorolo* 
gica. 4® 

Dclcription d’unc Machine propre d 6]ever 
PEau par la Rotation d’une Corde 
Vertiaak. 9 ^ 

Riccrche cd OBenrazioni perperfezionare 
il Barometro. 4^ 

Memorie lilorkhe intorno gli Audi dd 
Padre Beccaria, by Sig. Caudi. 8® 
An anonjrmous printed Sheet, in Italian, 
containing QMur?atioiii on Cbev. Rofa*a 
Experimenta concerning the Principle 
of the puliation of Artenea. 8® 
Z)efc|ription of a Qlaft ApjMtfmtua fat 
making Mineral Wateri. 8® 

Qytatro Lettere eliemporanee fopra alcune 
curiofid Fiholo^che, e Lettera conte« 
nente alcuni lentathi d*£^pefhme^ 
dimoitrare una nuoYt ferzaddente net 
cuore. 8® 

jhrimike Ifireiiee d^une n^uvelle Pveffli 
ioTent£e|KMU*rtopiimeri€R^ 8^ 
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tltfes. 

A manufbript Mt^ir on the Subjedt of 
this new Freft^ read at the French 
Academy, and the Approbation of the 
faid Acaitenaf • fol. 

CriRallographie, ad edit. 4 volt. 8^ 
l«es Amofemtns de Spa, a voli« 8^ 

Genera et Species Plantar^ Vocabulii 
Cbara£terifticU deltnira* 8® 

An EBay on the Nature and Cure of the 
Phthilis Pulmonalis. 8* 

An Enquiry into the Nature and Cauie 
of that Swelling in one or bath of the 
lower Extremities, which fometimes 
happens to lying-in Wometu 8^ 

Vcrhandclingcn uitgegee\ en door dg Hoi- 
landiche Maatfebappye der Weeten- 
fehappen, te Haarlem, vol. XX, 
Connoiiiance des Temps pour TAnnee 
1786. 8^ 

Elogi Stodci di CrUbforo Colombp c di 
Andrea Doria, 4^ 

Nouveaux Memoirts, pour I’Ann^e 1780* 

Lcs Kavircs dcs Anciens conhder^s par 
rapport k Icurs Voiles. 8® 

Outlines of Mineralogy, trandated from 
the Original of Sir Toibcrn Berg- 
man. 8^ 

PcfCrfption del Experiences de la Ma- 
chine Aerodatique de M, Mnntgplficr* 
vol. I. 8® 

The London Medical Journal, 4 vols. 8® 

Conjectures on the Nature and Motion 
of Metedrs «rhich arc above the At- 
mofphere, by Thomas Clapp, Utc Prefi- 
dent of Yale College in Connedicut. 4® 
Vox Oculis Subje^ta. A Diflertation on 
the rood curious and important Art of 
imparting Speech and the Xnowledge 
of Language to the naturally Deftf, 
and i'on&quently Dumb, with a pani- 
cular Account of the Academy of 
MeBl Braidwood of Edinburj^^ By a 
Parent. 8^ 

Donon. 
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pifiertation fiir la tneiHeure forme det 
Souliers, 8® 

A compendious Vocabulaiy, EngUfh and 
Perhan, 4® 

A Tranfiatioii of a Royal Grant of Land 
by one of the ancient Raajas of Hin- 
doflan, from the Original in the Shan- 
Icrit Lan|piage and Charader, ^ 4® 
A printed Sheet in Pcrfic Charadcrtl 
La Nature conildercc dans plufieurt de fet 
Operations. 8® 

EBai fur les Machines Aeroilatiques, 4® 
Nautical Almanack for 1787, 1788, 
1789, and X790. 8® 

Difeours fur la NaifTance de Monfeigneur^ 
le Dauphin. 4® 

Opufc^ili Scientific!, 8® 

Moral and Literary Difiertations* 8^ 
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Noiizte degli aggrandimenti delle Sct« 
enze Fitichc. 4® 

Specimen p^xperimentorum Naturalium 
quse finguUs annta in Pifeaao Lyc»o 
exhibere folct Car. Alph, Guadag- 
nius, M. D. Phyf. Exp. Prof. Ord. 8® 
Hints for neutralizing Necefiaiy Houiea 
at a fmall Expence. 4® 

Cofmographie dementaire divifee en 
Parties Aftronomique et G^ographique# 

The Hiftory of the Absorbent Syjfem, foL 
Memorie di Matcmatica e Pifica della $o« 
cicta Italiana, tom. I. 4® 

Phyfiquc du Monde, tom, IV. 4® 

Reponfe a l^xamen dc la Ehyfique du 
Monde. 4® 

Vcrfuch einer Naturgcfchichtc der Ein- 
geweidewiirmer thienfeher kbrper, 4® 
The Origin and Progrefs of Writing, «• 
Mrell Hieroglypldc^ as Eiemeotaiy* 4^ 
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A epUe^ic^n of tfie minute Shclh htdjf^ 
dtfeovened in tbeSand of the Sea-Shore,^ 
^ near Sandwich 4^ 

A Plan of a Machine for weighing the 
Force of the Wind, tnventod by the 
late Sir Charles Knowlei* 8^ 

Alio, a MS. containing Calculations of 
the Weight qf jthe ^creat ^'^clocitica 
of Wind* S'* 

Obfervations on the Weaith anil Force of 
Nations. I a® 

A MS. mtitukd^ Lcttrc M. parampi^ 
Nonce Apoftoliquc a Vienne, fur 
queiqiics Curiolites Fbyfio|ogiques ; 
written in Italian by the Chev. Rofa^ 
and tranflated into French by the Mar- 
quis de Hauteforte. fo!. 

C on fi derations on the State of Dover 
Harbour. 4^ 

Obfervations and Experiaicnts for invefti- 
gating the Chemical Hiftory of the 
Tepid Springs of Buxton, 2 vols. 8^ 

, De Artificio Kqyigapdi i^r^Jifrcm, by 
prof. Lohmeier, of Rintcln, printed 
in the Year ^$76; tfig?thec with a 
German Tranflatipa* . 4® 

A Specimen of th/c Aflics and Filamentt 
thrown up in the Summcf of 1783^ 
by the fubtcrrancous Fires in Iceland. 
Commcntationcs per Ann. ijS^p vol. 5. 


M. Trcmblcy, Fsk.S. Eflai de Trigonometric Sph6riquc, by 

M. Tremblcy, junr. 8^ 

2 J, Rev. Dr. Kippis, F.R.S. Biographia Britannica, vol. Ill* fbU 

June 10 * His MajUsty. A Voyage to the Pacific Ocean, under* 

taken by the Command of Hi* Ma- 
jefiy, for making Difeoverics in the 
Northern Hemtfphere, performed un- 
dei the Dirc^ion of Captains Cooke^ 
Cierke, and Gore, in thtee Vokiiims^, 

^ 4® 

- t a Volume of Plate*. foU 

Royal Academy of Sekneut ^iNodveauxMemoircs del’AcackmieRoyate 
atBerUn. pour 1781. 4^ 

M« George Vegh« I^garithmifche, Trigonomctrifelit, unit 

andere Tafeln und Foamuln. 8^ 
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^ 4^ 

An Analyfii ©f a Conrfe tf Leftarei on 
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go 

A Treatife on the Kjeftiltnear Motion and 
Rotation of Bodiei. S'* 

Befcrifition 4^]ne Ncmvrile Pteffc exe- 
cute pour Ic feirice du R(^. 4 ® 

Iter per Pofeganam SeUvoniae Pmvlnciain. 

4 "" 

Ifloria c Tcoria dc* Tremuoti. 4 ® 

Antient £rfe Poems, coUeded among the 
Scottifh Highlands* 8 ^ 

A new Kdition of the Firll Lines of the 
Pra^ice of Phylic, 4 votB. #* 

L’Art dc pr<!;parcr ct efimprimer let 
Etoffet en LHiues* foL 

L*Art du Fabncant dc Velours dc Co- 
ton* fol* 

t?Ait du Fabriamt d*BtdfR:tei| Lainen 

fol. 

L*Art du Tourbicr. 4 ^ 

Lettres ecrites de Suifle,^ d* Italici de 
Sictle, et de Maftiie, ^6 volt* S* 
A ihort Attempt to recorntnend the Study 
of Botanical Analogy* 12 ^ 

A Silver Medal of the late Dr* Daniel 

Solindefi F* R* S. 
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PHILOSOPHICAL TRANSACTIONS. 


A. 


aC IDS* See Tffi Rt 4 Cahhage^ Fhlets* 

^ Air^ experiment! on, by Henry Cavendi(h> Efq. p. T19. Principal view in 
nuking thefe cxperimcnti, ibid. All animal and rcgetable fubftances contain fixed 
air, ibid. No reafon to think that any fixed air is produced by phlogifiication, p. 
lao. Nor by horning of fulphur or phofphorus, p. ixi. Unfuccefsful attempts 
to difeover what becomes of the air loil by phlogiftication, p. ia3-~it6. Account 
of two experiments of Mr. Warliirc's, related by Dr. Priefliey, p« 1 i6. Table of 
the refulty the bulk of the infiammable air being exprefied in decimals of the common 
air, p. 127. fixamtnation of the nature of the dew which lined the glafs globe, p. 
ja8. Wbich is all pure water, p. 119. Examination of the nature of the matter 
condenfed on firing 1 mixture of dephlogifiicated and inflammable air, ibid. Phlo* 
l^icated air appears to be nothing clfe than the nitrous acid united to phlogifton, p. 
15 j. The great probability that dephlogifticaicd and phlogifticatcd air are diftind Tub* 
fiances, as foppofed by M. Lavoifier and Schcclc, p» i4t« Enquiry in what manner 
nitrotti and vitriolic acids a<ff, ill producing dephlogifticatcd air, p. 143* Different 
Bianner in which the acid afks In producing dephlogifticatcd air from red precipitate 
and from nitre, p, 14b. Vegetables feem to confift almofi imirely of fixed and phlo- 
Vou LXXIV. ^ tt « giflicated 
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gjlVcntftc! air, p. 148. Ma.-ner in uhich Mr, Cavendlih would explain molt of the 
ph^tnurntma of nature, on JVii, Lavoilie/*! principle ot entirely difcaruing phlogiilon^ 
p 1^0 -153. 

Air, Remafks on Mr, Cavewdilli^g experiments on air, in a letter from Richard fCimaii, 
EU|. p. 154, Experiments IcUflvdfrom Dr. Prietlley,. to prove that fixed air is foihe* 
hovv OT other proi..uced in phlogiftic proceflcs, either by reparation or compofiiion,. 
ibivL Ot the calcination of metals, p» 155*— 161. Of the decompofition of nitroua 
air by mixture with common air, p. 16’ — 164, Of the dimlaurion of common air 
by the tkftric fpark, p. 164, Of the diminution of common air by the amalgama* 
tion 01 n^crcury and lead, p. 165 ► Of the diminution of reipirable air by corn- 
bullion, p. 166 — 169. 

_ Anfwer to Mr. Kirwan’s Remarks upon the Expeilments on Air, by Henry 
Civcndilh, Efq. p. 170. Rcfult of an exiicrimenr of Mr. de Lailbnc’s, made with 
the hlings of zinc, digefied in a. caulbc fixed albali, ibid. Kea>arlcs thereon, p. 
171. Stc Mciais. Experiments to determine if fixed air is generated by a mixture 
of nitrous and common air, p. 17a, 173. Curious experiment cf Mr. Kirwan’s, p. 
174. Obfervation on an experiment of Dr. INi filcy*s with a mixture of red precipi- 
tate and iron filings ibid. Theurgjument on this fubje£l fommed up, p. 175. The 
generation of fi.xed air not the general of phlogillicating air, p. 177. 

»■■■— Reply to Mr, Cavcndilli’s Anfwer, by Richard Kirwan, Efq. p. 178. Anfwer to Mr. 
Cavendiih’s remarks on Mr. l^afione’s expei Imcnt with filings oi zinc digefied in a caufiic 
fixed alkali, ibid. Ditto to hU obfervations on the calcination of lead, ibid. Extradof 
Dr. Pricftlcy’s letter, concerning the black powder which he formed out of an amalgam 
of mercury and lead, p, 179, Fixed air, produced by the diftillation of red precipi- 
tate and the filings of iron, cannot be attributed to the decompofition of the plum- 
bago contained in the iron, ibid. Mr. Cairendi(h*8 experiment of the nitrous felc* 
niic’fi abibfbtng fixed air, jufi, and agreeabk to Mr. Kirwan’s, p. i8o. The perma- 
nence of a mixture of nitrous and commoo air, made over mercury, not to be attri- 
buted to common vapour, ibid. 

Thoughts on the confiituent Parts of Water and of dephlogillicated Air, with 

an Account of fome Experiments on that Subjc< 5 f, in a letter from Mr. James Watt, 
Engineer, p. 529* The author’s reafons for delaying the publication of his fentt* 
ments on this fubjed, p. 330. Obfervations on the omfiituent parts of inflammable 
air, ibid. EfTci^ts of tnixiug together certain proportions of pure dry dcphlogiflj* 
cuted air and of pure dry inflammable aii, in a firoug glafs velTe}, clofety (hut, fee on 
fire by the clediic fpark, 331, 33-2. Set Humor, or dfphlogiflkated 

water, has a mure powerful aitradion for phlogifton than u has for latent heat, but 
cannot unite with if, at leaft not to the point of fniuration, or to the total cxpolfion 
ot the heat, unicfs firft made red-hot, or nearly fo, p. 334. A mixture of dcphlo- 
gifticated and inflammable air will remain for years in clofc veflels, in the common 
heat of the atmorphere, withoui any change, and be as capable of dcflagratioii as 

when 
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'wljcn firft ftiut up, ibid. Accounted for by Dr. Pricftley, ibid. The author abin* 
tlool the opinion that air ii a modification of water, p. 335. In every cafe, whereia 
dephlogifticated air hat been produced, fubdancei have been employed, fome of 
whofe condituent parti have a drong attnuflion for phlogidon, p. 336. Phenomena 
Obferved from combinationi of the nitrous acidi with earthi from which the deph'o* 
gidkated air it obtained with left heat than from nitre itfelf, p. 138. Experin^ent to 
examine whether the phlogidon was fumifhedby the earths, p. 359. Ditto to deter- 
mine whether any part of the acid entered into the compofition of the an, ibid. 
Ditto to determine the quantity of acid in the receiving water and in the fubiima e, 
p, 341. Ditto of the didiliation of dephiogidicated air from cubic nitre in a glafs 
vcflel, p. 342, If any of the acid of the nitre enters into the compofition of the 
dcphlogifticated air, it is a very fmall part ; and it rather feeros that the iicid, or part 
of it, unites itfelf fo firmly to the phlogidon as to lofe its attraflion for w'ater, p. 
344. Any acid, which can bear a red heat, may perhaps concur in the produ< 5 lion 
of dephlogidicated air, ibid. Dephlogtdicated air obtained from the pure calces of 
metals may be attributed to the calces themfelves, ibid. General reafoning on the 
fubjc( 5 t, p. 546. Mr, Schecle’s hypothefis, p. 347. The heat extricated during the 
combudion of inflammable and dephlogidicated air is much greater than it appears 
to be, p. 348. By an expcrirtieni of Dr. Friedley’s it appears, that nitre can pro- 
duce onc-Ha!f of its weight of dephlogidicated air, p. 349. Dephlogidicated air, in 
uniting to the phlogidon of fulphur, produces as much heat as in unidng wi:h the 
phlogidon of phofphorous, ibid. Dephlogidicated air unites completely wiih 
about twice its bulk of the indamraablc air from metals, ibid. Exj>crimems by Mefl*. 
Lavoifier and De la Place, p. 3^0. The union of phlogidon, in different propor- 
tions with dephlogidicated air, docs not extricate ditferent quantities of heat, ibid. 
Charcoal, according to Dr. Priedlcy, when freed from fixed air, and other air which 
it imbibes from the atmofpbcre, is alntofl wholly convertible into phlogidon, p. 
331. Enquiry whether all the heat let loofc in thefc experiments was contained in 
the dephlogidicated air, p. 352. Not to be anfivcrcd without many nc\% experi- 
ments, p. 333. 

Sequel to the foregoing Paper, in a fubfequent letter from the fame, p. 354. 
Cautions neceflary to thofe who may chufc to repeat the experimentm entioned in the 
foregoing paper, ibid. — 3^6. Some ctrcumflances pointed out which may caule 
variations in the refults, p. 356. 

Akh«rnt^ Mr. Stanefby. See 

Obfervation of the Variation of Light in that Star, in a letter from Sir Henry 
C. Engleiield, Barr, p 1. The lad vifiblc period when Mr. Aubcit and Siy Henry 
obferved it, ibid. Rcfult ot feveral obrervatious made at different times from mid- 
night to a h. p. 2. The diminution of Algol fully confirmed, and the accuracy ot 
Mr* Goodricke’a period akertained, ibid, Algol fn tbi indm in tbtUji 
) U a u 2 
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Obr rrrtions on the Obfcuration of that Star, by Palltch, a farmer, in a letter 
m the Count de Bruhl, p. 4. Timei of the greateft obfeurauon, and of the 
grcfited diminurlon of* the Par’s light, ibid. 

— Fur»htT Obrervatinnh UjUfP, by the fame, p. 

— on the Periods of the Change* of Ught in that Star, in a letter from John 
OoodriLke, tfq. p. 28^. Method porfued to determine, with greater prtxifion, the 
pi‘r odical return of thole charges, ibid. With an explanatory table, p. 
DdFeient oblervers may diff^T tn the duration of the variation, and why, ibid# 
Fl.iKi(iead has m irkeri this ftar of different magnitudes, at different times, p, 289# 
Short abdiacf of Mr. Goodrickeks laic obfervations on .Algol, when its leuft magni-* 
tude vias accurately determined, p. 290—292. 

jilkaht!* Sec Try? Liquor, 

Joanhevai Luput^ A Dcfcnptlon of the Teeth of that Fifb, and of thofe of the 
Chietodon Nigricans of the fame Author; to which is added an Attempt to prove 
that the Teeth of cariila-^tnous Fiflies are perpetually renewed, by IVlr. William 
Andre, fuigeon, |). ^74. The fame variety prcv.*iis in the internal rtru( 51 uie of fifties 
a'- .n the external form, ibid. Jaws of the wolf-lilh defcrlbed, p, 275, 276. And its 
tee h, p. 277. Th( teeth of the Chaiodon nigricans delcribed, p. 278. Which ,fifti 
fcctns to be milpliced in Linna-ush S\ dema Naturw, ib. Of the teeth of cartilaginous 
fifties, p. 279. See Shmli. Their polierior teeth always found in a fofr, membranoua 
ihte, and but imfcrhctly formed, p. 2S1. Explanation of the plates, p. 282. 

Jtk:ns^ Mr, John. MittcroUgiLa! JoufnaL 

AuLert^ IVir. Sec Ai^oL 

» — - Alexander, Efq, Sec Meuors, 

Aurora Bitrealisf curious account of, by Profefror Gmelin, p. 228* Ruftiing noife 
attending that phaenomenon, ibid. 229. 


B. 

Bark-Tree^ Account of a new Species of, found in the Ifland of Sr. Lucia, by Mr. 
George Davidfon, p. 4^2. Botanic charaffer of, by Sir jofeph Banks, p« 453. If 
undoubtedly a fptcies of the cinchona, ibid. Extrad of a letter from Mr. George 
Davidfon, dated at St. Lucia, July 15, 1783, giving an account of its difeovery bf 
Mr. Alexander AnderAin, and its medicinal qualities, p. 4^4. Mr, Davidibn’s 
account of it, p. 4^5* Explanation of the plates, p. 456, 

Earktr^ Thomas, Ef(|. See Rain^ 

Barometer, See Ra:n» • 

Beroffjdri^ Profdfor, his computation of the average height of the northern Hghtli p* 
227. Sec 7 e/ ra Potidtrn/a, 

Chailcs, M. D. See Met tor 


C. CmHiUo^ 
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c* 

CawtOfft Mr« Tiberiiif* Sec Mir/rm* 

Henry, Efq. See Wai the firft who dlftovered that the comboftion of 
dephlogifticated and indammable air prodaced moidure on thf iidei of the glafa veiltl 
in which they were fired, p. 332# 

CbartoJau Nij^tuans* See Anarrhtchai Lupus^ 

Ctnchona* See Bark '/at, 

Ckp, Profeifur. See Mttcan* 

Ciufier 9/ i<tars. See CottfiruHion tf ihi Heavtns. 

Cole^ Mr* Sec ATiw^i UAU, 

Coma Bercn;ut» Sec ConJiruHion of the Heaveni* 

Comet ^ cjcciad of a letter from hid ward Pigott, Eiq. containing the dlicovery of one, 

2c« Confufed notions of the ancients, and fome moderns, concerning them, p* 
201. 

Obfervations on that of 1783, p. 460. Tabic of obfervationt from Not. 

to 26* and Dec. 23. ibid. Nights glafs ufed on this occafion deferibed, p. 461* 
Its different appearances at different times, p. 461. Table of ohfervaiions made by 
Mr. John Goodrickc, p. 462. Difeovered on Nov. 26. by M. dc Mechain, ibid* 
CanJlruSl 'toH of the Heavens, Account of fome Obfervations tending to inveffigate, by 
William Herfchei, Efq. p. 437. Conffrodion of hU lately completed teldoipe^ 
ibid, Reaions for conftdering the heavens as an expanded hrmament of three dimen** 
fion?, p, 438. Efied of applying the lelcfcopc to a part of the Via Ladea, ibid* 
Method of eflimating the number of the ftars feen, p. 439. Examination of the 
nebula; and duffers of ffars lately given in the Connoiflance des lempt for 1783 and 
1784, p. 439. Compatifbn of different obfervations of McE Meffier and Mechain, 
with thofe of Mr. Herfchei, p. 441. Four hundred and fixty-fix new nebulae and 
duffers of ffars difeovered, p. 442. Nebulae and duffers of ffars are arranged into 
ffrata, which feem to run on to a great length, ibid* Double and treble nebulae, with 
others of various fhapes and lights, obferved, ibkl. p» 443* Gaging the heavens 
explained, with its ufe, p. 445. Table extraded from the gages, by which it 
appears, that the nu;ober of ffars iocreaies very faff on approaching the milky way,, 
p, 446* Conjedures concerning the motion of the folar fyffem, if the fun be placed 
in the great fidereal ffratum of the milky way, ibid. Circumffaoces attending the 
detedtng of nebuir, p* 448* Nebula of Cancer, part of «a ffratum, its fftuatton, p^ 
449. Conjedures concerning the extent of the ffratum of Coma Bereakes» 
ibid. 

Cwprr, William, D* D. Sec Meteors* 

Copi^t Sir Godfrey, hts medals adjudged, p. viii. 

Cullum^ Sir John, BirC« See 
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t>Amdfmt Mr*Otorge« 

I>e GahiK^ M* le Cnmte. vSee Mgcimei 
3t la Plaits See ^/r, ThermameUrt. 
aad Tri^ Stan* See ikrfebtL 


E. 

Edg^vorth^ Richard Lovell, Efq, See M^mtu 

EUH>idty^ its near connexion and analogy with meteors, p« 114— *X5f« 

Elnghfitli^ Sir Henry C. Bart. Sec AlgoL 

Evap^rathn^ that h producea cold, and even ace, hat been decidedly eilablifheci by expe* 
riments, p. 383. 

JLxpanJiiM^ StC Thermsmtier, 


F. 

Falling StarSf obiervations made on them by diferenc perfons at diHant Rations, much cn 
be wiihed for, p. 394. 

Firt-haU^ a remarkable one Keen all over England, p. 266. See Mttms* 

Fi/hesm See Anarrichas Lupus^ 

Fixed Air^ is now known to be an acid, and capable of being abforbed by feveral fub« 
Ranees, p. 154. 

Fixed Starsy on the Means of difeovering the Dillance, Magnitude, &c. of the Fixed 
Stars, in consequence of the Diminution of the Velocity of their Light, in cafe fuefa a 
Diminution (hould he found to take place in any of them, and foch other Data 
fhould be procured from Obfervations, as would be farther nece/Tary for that Purpofe, 
by the rev. John MicheJI, B. D. p. 35. Rules relative to the above fubjeflfroin Sir 
Ifaac Newton, with corollaries deduced therefrom, p. 36—57. 'J'hc hgure, »b. III. 
explained, p. 3$. et feq. The weli-dehaed round difk of the fixed Ran, mentioned 
by Mr, Herfchel, is not a real diRc, but only an optical appearance, p. 45, See Afr* 

On a Method of defertbing the relative Pofutons and Magnitudes of the 

Fixed Stars ; together with fome ^Rronomical Obfervations, by the rev^ Fmndt 
Woilaflon, LL.B. p. iBi. Reafon forfuppoRng there may have been Several changes 
among the fixed flats, which we little fufpe^I, ibid, Flanpropofed to aRronomers |bf 
producing a Celeftial Atlas, far beyond any thing that has ever yet appeared, ibid. A 
method of difcovering variations, which when di (covered, or only furmtfed, RioiiM 
be configned immediately to a more Rrkl invefligacion, p« 182* Manner of pre« 
paring a telefcope for this purpofe, ibid. Card more fully to explain this method, ibid. 
Sec tab, V. fig. i, DiRcrent Rars muft fuoccffively be made central when any fafpi- 

cioQ 
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cion of t niHake aHfei, p. Beftkiodof Ulaminator defcribed, Ibid. Hints to 
aftronooitrs, if a general plan be feton foot, X87— 189. Aftronomical obfermtiona 
lAa 4 t at CKiflchurft in Kent, 190-^200. On the eclipft of the moon, July 50, 
1776^ p* 190* ficiipfe of the ftin, June 34, 177S, p. 192. Edipfe of the 
moon, Nov. 25, 1779, p. 193* Eclipfc of the fun, 16, lyBijp. 194. Edipfe 
of the moon, Sept, lo, 1783, ibid. Tranfit of meremy over the fan’s ttiik, 
Nov. 12, *782, p. 197, Occultation of Saturn by the moon, Februajy 18, 1775, 
ibid. Occultatiooa of flars by the mcon, p* rpS. Edipfes of Jupiter*! iaccllitcr, p. 
199. P 2 >planatian of the figures in tab. V. p. 200. 

Wlamfitad. Sec A^eL 

Frfiftf an Account of a remarkable one on the 23d of June, 1783. In a letter from the 
rev. Sir John Callum, Bart. p. 416. State of the air when the froll happened, ibid. 
Remarkable elFedb of this unfcafonable froff| ibid. p. 417. State of the weatben 
previous to it, p. 417* 


a 

Caging t hi ha<v(m. See Confer uBton cf the Heavens* 

G 9 ieit Experiments on mixing Gold with Tin. In a Letter from Mr. Staneiby Alchome^ 
of his Majefiy’s Mint, p. 463. The general opinion of roeullurgiils coucerning 
the mixture of gold with tin, as exprelTcd by Dr. Lewis» ibid. Experiments, ihew* 
ing chat tin,, in fmall quantities at leail, may be added to gold, without producing 
any other elfed than what might eafily be conceived, a prkrif from the di^reni cex* 
ture of the two metals, p. 464 — 467. Experiments 1, 2, 3, 4, 5, with different 
proportions of pure tin and refined gold,. p« 464, 463. Experiment 6. to determine 
how far the fumes of tin, brought into contad with gold, would do more than mix* 
ing the metal in fubdance,. p. 46$. Condufions from the foregoing experiments, p. 
466. Experiment 7. to difeover whether the two metals might be more intimately 
combined, and the maQ rendered brittle by additional heat, ibid. Expuiments 8. 
and Q. with mixtures of gold and tin, from exp. 2* and 4. and an ounce of cupper 
added to each, p. 467. Experiments to. and ti. with equal pans of the lad mix* 
Cure and of the bar from exp. 5. ibid. Experiment 12. to examine whether the 
adding of tin to gold, already alloyed, would caufe any difierence, ibid. General 
conclufions, p. 468. 

Ge^drkke, John, Efq. See Algeh Has one of Sir Godfrey Copley*! medak adjudged! 
lohim, p. viii. 

H. 


Dr. Sec Witmt* 

or uncommon one, p. 9* 
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liamHck ^KiwitWiUi, 

Heai* See Air*^ 

Htrfibd, Mr. hh woederful progreft in iU dlfcovery df <le»l 4 e^ tripjt, ice* Ihii p. 
36. The fer greater part of which are doub^efi of dpr» fo near epdt oiher 

aa probably to be fenfibly by their matutl gravitatioii* ibld« See F^mdAkurff 

CowftruHtom of the Hgmftns^ 

why found upon grafa, citea^ kc. when there !i no appeanmee of ice upon 
water, and the thermometer h above the freezing pointy p* 380. 

Huffffiys, Lieut. Sec KiM£» Weils* 

Humor. See Air. 

Jium/>ijreyjt Mr. of Norwich. See New Plant. 

Butihtns, Tbomasy £fq. Has one of Sir Godtey Copley’s medals affigned to ium, 
pu viii. 

Hutton^ Charles, LL.D. Sec ^adrant. 


L 

Ice. See Thermometer^ Hoeerfrefi^ Evaforaiim* 

K. 

JTingV Welk Defeription of thefe at Sheernefs, Landguard-Fort, and Harwich, by 
Sir Thomas Hyde Fage, Knr. p. 6. Some circumflances refpeding the garrifons of 
Sheemefs, See. p. 7. Sir Thomas direded to confider how to remedy the want of 
water at thofe places, ibid. Situation in which he found Sbeernefs, p. 8. Ditto of 
Landguard'Forty ibid. Ditto of Harwich and its neighbourhood, p. 9. Operation! 
at the well in Fort Townlhend, Sheernefs, p. 10— 1 5. Which were much forwarded 
by the afliduity of Mr. Cole, Lieut. Humfrys, and Mr. Marfhall, ibid. Time of 
beginning and finiihing the work, p. i r. Method of lining the well with wood, to 
prevent the mud’s falling on the workmen from above, ibid, and the filtration of 
the fait- water through the fand, p. 12. Manner of fiopping out the falt-water 
entirely, and fecuring the foundation of the works, p. 13. A piece of a tree dif- 
covered 300 feet from the top of the well, p. 14. The bottom of the well blown 
op, and the water rifts forty feet in the bottom of the well, p. 14. Qjiality of the 
water ibid. Operations at Landguard-Fort when begun and fiuilhcd, p. 15, Im* 
probability of finding freih-water there, which is difeovered by accident, ibid. And 
is found in great quantities, but at the depth of iow-water»mark becomes entirely 
fait, p. i6. Means ufed to remove this impediment, ibid. ConjeSure conceriting 
the caufe of the freih-water, p. 17. Operations at Harwich when begun and finifiiedf 
p. 18. But little water there, and bad, ibid, A new well funk, and a plenitfid 
fupply of frelh-w^atcr procured, p. 19, Explanation of the plates, ibid. 

JDrwofff Richard, £fq. See Air* 
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Wk. Om»m 

See K$ngU W§Bu 

ln^$ h^tm% bow originated, p, 277* 

Lanfoifier^ M# Sec ifir, Tbermmear* 

Id^msp Dr. See 

Ugh^ has a remarkable power ia enabling one body to abforb phfogiflon ffom another^ 
jp# I47« « Plrotebilky ^bat the nle of Ught in proinoting the growth of pbuiti, and the 
pfodtidion of dephlogiAicated air from them, is its enabling ihtm to aldbrb plilogifloa 
from the water, p. 149* 

J^ineat curuaj^ Methodus Inveniendi, C3C proprietatibos Variationis Ctirratttne, aofibre 
I^scolao L^odeibieck, Mathef. Piofeif. in Acad. l^pTallefifi adjundlo, Pars Ibeanda, 
f^V# Jndf^ /a kift mlnmtj p, 477. TKeofeina 1. ibid. Cor. ib p. 47S. Cor. «. 
ibid. ScboL ibid, bckol. u ibid. Enempi. i. p. 4B0. Hicempl. a. ibid. 
Theoren^ II. p. 4^11. Cor. 1. ibid. Cor. p« 492. Cor. 5. ibid. Sehot. r* 
ibid. Sehol. a. ibid. Exempt. 1. p« 484. Exempb a. p. 485. Tbeorema III. 
ilpd* Cor* I. ibid. Cor. a.p. 486. Cor. 5. ibid. Schol. i» ibid. Scfcol. a. ibid, 
fixempl* l« |i« 486. Exempl. a. ibid. Theoretim IV. ibid. Cor. p. 489. Schol. 
ibid* Exeiop)* 490* Exemfd, 2* ibid, Baempi. 5. ilud. Ejttinpl. 4. p. 491. 

I TheoremaV. ibid. Cor. ibid. Schol. ibid. Exempl. 1. p. 49a* Exempl. 2. ibid. 
Exempl. 3. p. 463. Exempl. 4. ibid< Thoorema VI. ibid. Cor. p, 494. Schol. ibid. 
MmmfL 1. ibid. Exemfd. a. ibid* EaeiopU 5. p. 49^. Theotcnta ¥ 11 . ibid. 
Cor. ibid. ScboU tbid. Ejccmpl. s. p. 496. Exempl. a. ibid. Extlnpf. 5. ibid. 
Theoveoia VUE ibid* Cor. p. 4974 Scboi. Ibid. Exempl. i« ibid. Exetnpl. a. 
TbeatM IX. p« 499* Cor. ibid. Scbok ibid. Exempl. i« p. 499. £amp« ^a« 

Lkmm^ Befulti of its jbemgeniiiad wkh ilkaliei, &e. p. 4T9. Fafi which feems 
fpeaU in ^ociboii kt bniog atwayi a te^ of ahe wmfil point of ftcoratton of acids and 
alkalies, p. 420. See CaUa^i* 

Lfcd Bmif Experimeott to kiteftigate the Vaiiaiioii of, by fames Six, £fq. p. 428. 
Thermometers made ufe of in thefe enporioieats, and manner of pladng them, in 
September, 1783, p. 42!. Obfcrvaiion on *h« revolt of thk expei^menr, p. 429. 
Miinorrf placing them on Dec. 19, 1783, ibid. Eeftilt of the eatperiment, tbld. 
IJiSnieot of |I |9 ntinofpheio at the dnit of makingthidh obfcmtiems, ^ 

#« 4|p4 l^olM ftace i of the wcothor in September, !>eceii»ber, and the 
Jpmmry, with: am t#jas oO ibe iniriiments, 430^432. Deferfp- 
|k|0 0f tho .itHey m whibh CanteHnsry cathedral Atodi,' Mm wbtcli 
tnddf p* 432. Difcorefies which may poAlbty refnk 
tpqaipiieotp of thk 4 ttn 4 | p* 43s* Tabk I. of the gfentc# didly tarlaiidh'df 
Vox.. LXXIV, X X V belt 
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Ikttt lind cold in ^ ntmoTphere, front tlie 4^ to tlit S4& of 
taken front! thtec different ftationi, and compared togctlier, p* 435* , ’^TiWe IL 
the greatefr daily Tariation of heat and cold, from die 10th of Booemtar, tytJi m 
the 8lh of January, i 784 » P* 

L^tiferdm* See Ntw FUnu 


U. 

JJbMtes Ji’rpjlatiquih fur un moyen de donaer la DIrefiion anx, per M, Le Comte Oi 
Galvez, p. ii 

Magtliatty M. de« See Camtt^ 

Maftff, Abb^. SteMeie»rs» 

MitJi on the remarkable Appearance! at the Polar Regfont of that Planet, tfie Inclina- 
tion of it! Axis, the Po(ition of its Pokt, and its fpheroidicat Figure ; with a few 
Hints relating to its real Diameter and its Atmorphere, by William Herfcbef, Efq. 
p. 153. Various lucid fpots obferved on the planet Mars, with remarks thereon, p« 
^ 35 — ^ 4 ^* the dire<^ion or nodes of the axis of Mars, its inclination to the 

ecliptic, and the angle of that planet's equator with iu own orbit, p. 247, et 
Of the fpheroidkal hgure of Mars, p« i6i. Obfervations relating to the polar fla(« 
lening of Mars, p. 261. Refuh of the contents of this paper, p* a 73* 

M0sfiaU,Uu ^tKing^smU. 

3i0tiwauf Mr. Philip Meadows. See Ovmium, 

Meratn^ Oblervations du Pailage dc Mercure for !e DUqoe du Soleil h it Ndvemhre, 
lyffa, faites k PObfrrvatcnre Royal de Paris, avec des jrcdc&iotis fur no effet qitt fe 
fait ftntir des ces metnes Obiervatioos femblabtk k celui d'uae Eefii£don dans PAt- 
dKirphere de Mercure, par Johann Wilhdin Wallot, Memhse de I’Acadmnie Elec- 
lorale des Sciences et Belles lucres de Manheira, Ac. p* 3 1 <• Rcfultats da calcul 
des obfervations pmedentes ielon leurs diffmntes combiiiaalbiis, p. 314. Table dee 
tefitltats do calcul des obfervations de contads et da centre de Mercoftt p« 
Concliifion, p. 327. 

limwims Cakinatus^ and red precipitate nearly the fame thingi p« 144. 

Micbahh See Comity C^ruSHm »/ the hbupsvnr* 

See Cot^/huMi^ rf the Htmms* 

Mitidif mo methods of calciaing, p. lya. ^ 

Jmtrnal for the Year 178a, keptnt Minehead hBmotMibo$ fcf liv 
John Atidiis, p. 58. Dderipnon of the inffromentt u&d, tod mqd»ffiti0|i«f the 
tahkf, p» 59. journal for January, p. 6o-*^3* For Febniiry, p ^m4fi *or 
March, jui 48—71. For April, p. 72—75. For May, p. 74^79* 

Fflr July, p. 84—87. For A^guft, p. 88-^. For ps 

fa— 95* For OOoberi p. 96—99. For Novemhrr, p. loo^ioi# FmDMWil^s 
f, 104— io7« 

4 , 
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otte^ oUtm4 A^tfoO; tif «79fi ^ Mr. Tib«ri«iC«ril|% 

^ n^t. ptmit atkdiUmmAt^ ibid* co«rle, 4bni<^»ni» ^ 

^ #l4 dtmAm$ f « 109* Acqaim * au4 psm ittlci kferd fmall bodies with and 
. ^Ihpptiiit no* A rosibiifig noife hoard $fytr kt cttiap{>etniice, ibidf Coa*» 
^nral cilcutitioa of im didanco, ahitode^ courfe, drp. tit* 

Account of thofe of the t8ih of Auj^uft and 4tb of Odober, i78|« by 
. Ateactoder Aubeti; ESq. p. 112. Method he took to be aWc to give a p^rfedt aeconnt 
of kt ibid. Time of its appeanuicet and kate of the hetnneii«t pt 1 1 a* Manner of 
, diehrft appeaia&ce of that of Augulf x8, and ita diiFejoot chaofett p* it 5. !;• 
magnitude, ibid* Its duration, and length of its courfe, p* 114* Its foppofed alti* 
tude, tbki* Appearance of that of 0 £l* 4, ibid* Its couriie And variety of 
appearances, ibid, p. ti;* Time of a|^>earaQce, ibid, 

Obferrations on a remarkable one (cen on the i8th of Augu{i| Z78$, ^bjf Wi!> 
Itam Cooper, D. D. Archdeacon of York, p. 1 16* State of the weather aod^ 
fphere, ibid* Sulphureous trapours obferved preirious .to the appearance pf the 
meteor, ibid. Its courfe, ibid. And altitude, p. 1x7. lu divihon into fevei at balls 
of hre, followed by two loud explofions, ibid. 

- — ■■■ " Account of that of the i8th of Auguii, 1783, in a letter from Richard Lorcll 

Edgeworth, Eft), p. 1 1 8. Its time ot appearance, ibid* Its hae and duration, ibid* 
Was twice eeltpied, ibid. 

w-" ' " *'" " An Account of feme late Fiery Mdteors, with Obfemtions, in a Letter fioai « 
Charles BJi^en,M. D. Sec. R* S* Fhyikian to the Army, p* aoi* Difierent names of 
ihefe meteors among the ancients, iU See Cmetu General appearanoc of due ot the 
tSthof Augud, 1783, p* 20f* Its path deferibed, p. 105. I^iierent ihapet 10 which 
it appeared owing to the difidtmt points of view in which it was feen, p* 005, Was 
pot always of the Ante magoikude and iguxe, ibid. Difierenc fhapos of meteors 
accounted for, p. 206. Burlf, and feparated into ievera! fmall bodies, tbid. Seems 
to have undeigone other explofions befow it left our xiland, and alfo upon the conn* 
pent, p. 207* The extindion of meteors by fuch exploAons doubtful* ibid. The 
gitat change In this correfpofided with the period of its deviation from irs courfe, 
with remifki thereon, p. 207* Obfermions on the light and colours of ihefe meteors, 

• IWd* Tme of its greaieft loftrc, p. JoS* And on its height, with the method of 
taking it, p. 209, Bftimations of the altitnde of that of Auguft 1 8, by different 
perfotts at didbreot firaatlont, p. 2 1 x— j 1 1. Obfervations on the ntafes attending and 
fnlbwinf thbfe meteors, whkh, by fhaking doors, Ike. is frei|«cntly miftaken lor aw 
' tHirthqii^#, p* Its enormous bulk, p, "216. Its duration differently hated* 
aid why, End* The periods of its duration are molfly 'by gnefi, and why, p. 217. 
list aftontfhing velocity, p. 218. Account of the Ere^ball whkh appeared Od* 4, p« 
219. jplfficulty of accurately determining the diredioa of in courfe, ibid. 
Jeitatopbiaui about it, p« aaot Its height, ibid« 111 ib|| ibid* Ita dfuration and 

X X * .2 ^ vckativ 
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^ aiiit ht ciUctt^t^lkf At vtMh)% 4 Mi «iiiMii|^^ 

4kmftMag m ii»d« RlitaiiHlt m At muffm of IMt^ra* iMA Alliittt 

OfAioiift tlMl» pw ttti Dr, \Ui^ Qfklkmwf JAmk 

feObrCltp. of Yftk,CbHtge^ Nar ttglftHii) p. dtrtt)|^Ol9|taAoO to Wi 1^ 
the^ Ibi4* K«/% Et 0 rtay, Mr« Roblofo^t icdMiill of oOeim t» 

H1»A^ ^ Ldceiltfilme, Oa. t6| 176^, p. 215* Otnoiii opiioiA iAa utaiid 
l>^A« Abbe Mann, p. xi6. Sec Aui^f^ ^ 

JJWe«ra, tn AccOtot of tbiit of Aoguil iE» InaAoii Htw'it Qiittlofr t«bir 

iu & tetter from Nmhtntel Pigoit, Efif|. p. 457. Its firft *ppmira»«% p» 457* Fig* 
Y. Ub. XX# e^pteined^ ibii* Its tnolion, p. 45S. Fig* 1# eicpSainedv ibki* Iti 
Apparent diameter and akitudti ibid. Darttiom, ibid* Diaaifft tod Aitkode tl in 
uncimaioii, p. 45^. 

Tcv. Jolin, B* D* Sac F/tr/* 
j!l?% See ria LaOm. 


N. 


NMat* See C&iifiruMi0n. ^ iht 

Ntw Plant, an Account of one, of the Order of Fungi, by Thotffts Wtpdwtrd, Bfq. 
^ p* 4*;* Generrcal dckfipCtoo, ibid. Manner Of jta iiril appearanoe, ^birh readem 
it difiiculc to dreed it in lU earbcil fiate, ibtd* Its rapid progrefa to ii» perfed ftafe, p« 
4^4. I uil dtfcovercd by Mr^ Humphreys of Notwkb, ibid* li <nor ibe Agarietia 
procemt, p. 415. Approacbea nearly tbe gemti Ifycoperdon, p. 4^6. B,mtt irhicb 
baveall fome affinity wub tbe frodificattoo oi tbit ptent« ibid* Cimm fffc<|iitttily to 
a dale pf pertei^ioD before it letcbea tbe furlacoi pe4a7. ^ 

O. 

Offornmn^ Am extraordinary Cate of a Droply of, by BIr. PUltp Meadows MartipeaUf 
Siurgeon to the Nortel k and the Norwich Hofpital, p. 47 1 • Age and cpiiditlon of the 
pataciit at the beginning of the dtforder, ibid* Her depterabJe appearance afterwaada* 
ibid* Sweite i to an amaaing fize, p» 471* Conciouaftce of her dlterdert jibjd^ 
Number of atmes tee was tapped, and quantitity of water drawn of ai eac|b tiil% 
ibid. p. 474, Comparifon of her cate with that of Lady Page, lebimd by 13 lr. Mead# p* 
474. Seat of the diforder, and date of the vtteetii on ddbAioo^ p* 4y|* 

liona on the whole, p* 476* ^ 

1 

p. 

Sir Thoi|nt Hyd«v Kou Sac WtBs, . 
pjn^ipMw* wluH( p. 277. 
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SmJSr, 

IV«* lihrwd, a^. SieCW. 

7Tr-.N«fc«mel, E<q. Swlfawr/. 

' ®»* Jfir. 

Dr. See St. 

. ^ 


PwjeA flu* « new KirffioB ©f, by aarle* Hottoe f t r* 

«„ge«.. recent,. L. ^ > 1 ^ 
*Wl..,«teieetoth«prejeaeepW„ed, p. 22^3^ ""'*"' P* 

R. 

.^83, t c-i ii^frrcj. sr”nr; t 

he^nmmg to the eed^f |t«t yeer, p. 184-,^ ’* ****'' *®“ 

Sae Hmh. ^ 

the b6l94tA le.^ e, 

-««-. ^ A., - Art., *• “*■>"« 

4 »»- See FuIm,. J" g m» Yirtaei whilft kept u a liquid l^te, p. 

Mr. SeeJ^Am, 


ScM/,*U. SttSr. 

— %» .iiKiuab oiMOTiiig.j^ ,?■’ 

See^Vgrrf,. |».»j!9. 

See ■■' ■ ■ 

vir« 

M*. ®**OiiW«aKif , 


Te 
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T. 


See Jnarf'fjicbai t>vpui% 

See CopJiru^lUn (f the Memfens* 

ferra FwJer»/a, ExperimeiJts and Obfervationj on, hy WilBat^ With^Uj, M, 0 # f* 
Terra ponderofa abrata, its conftituent parts, ibid. ProfclTpr l^gmao’^COD^ 
jedure concerning it, p. 194. Its more obvious properties, ibid, fixpcfimenm OUt 
p, 295*-*297« Couclufions therefrom, p. 39S. And obTervatiom ihereoiii p* 

298—502. 

Ti/i Ltfuor, on a new Method of preparing one to fhew the Prefcncc of Acids and 
Alkalies in chemifal Mixtures^ by Mr. Jarnc# Watt, Engineer, p. 419. Syfopof 
violets wasTormetly the principal teft of the point of faturation of mixtures of acids 
and alkalies, ibid. The infufion of tourncfol, or of a preparation called Utmui fince 
fubftituted in its ftcad, ibuL See Litmus, Red Cabbage, FioUts* 
fhe> momeier. Sec Kaiu. An Attempt to compare and conned the Thermometer fo 
lUong Fire, deferibedin Vol. LXXIL of the Philofophical Tranfadions, with the com* 
mon Mtrcurial ones, by Mr. jofiah Wedgwood, F. R. S* Pot*cr to Her Majefty, pi. 
358. Thcdefign of the experiments recounted in this pa|>cr explained, ibid. p. 539. 
The three firft figures of tab. XIX^ explained, p. 359. Means employed for obtaining 
an intermediate thermometer, ibid. The fpecies of gage ufed on this oocafion ex* 
. I^laincd by a reprefentattooy p« 3^0* Caution to beobferved in meafuring the expan* 
£011 of bodies, p. 361. fiffimtial reqaifites of the matter proper for the gage, p. 
36.. Tobacco-pipe clay and charcoal why preferred in making it, ibid. Method 
of afeertaining a hxeJ point on the fcak for the divihons to be counted from, p. 363. 
Method of taking the boiling heat of water, p. 364. And that of Mercury, p« 565. 
Fig. 4* explained, ibid. Didiculty of obtaining the higher degrees of heat, with 
Mr. Wedgwood’s thermometer, and his method of perfornoing it, p. 366. Compa* 
rative degrees of the different thermometers, p. 368. Table of a few principal points 
that have been afeertained, to fhew their mutual relations or proportions to each 
other, p. 370. Scalei» of the utmoil limits of heat hitherto attained and meafured, 
ibid. 371. Obfervations oti MefE Lavoiher and De la Plate's method of meaftiiin|^ 
heat by the quantity of ice which the heated body is Capable of liquifying, p. fy*. 
Machine for determining the progrefs of liquifying ice, hy expofiog it to a warmer 
mtmorphere, p. 372, Ex|?eriment for afeertaining that kc, how coldfeever it Way 
l>e, comes up to the freezing paint through its whole mtft bc^rc It bcjibs to liqui^ 
on the furface, p. 373. Experiments to afeertain the abforbitig power fee, ibid* 

374. Apparatus (hg. 6. tab. XV.) for nfing ice in tliefe experiments 3 oiWhii|, p. 

375. Refill IS of various experiments, p- 376 — 379. Sec Tlie frieklng 

of water la attended with plentiful evaporation in a tlofclas well ai lb 

P*38i. 
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•.•ffii* 'liMadalbte ciKanfltncei in die coaiiiig of ke (fee p. 577.) on the ootfidt 
jat tbeiibfont cf tte funnd, p. 382. 

8w6«i^ y 
WiniptfiU See T^Liguir, 

V. 


FU La0^ or Milky Way# Sec CfnfiruBUn Htavens, C<^i;ijeftafie concerning it, 
' P’44f*^447* 

i^fijW##^iOct!iod of making a red infufion of, which forms a very feniiblt tdltO fliew the 
pnHence of acids and alkalies in chemical mixtures, p* 42 a* 


W# 


Johann Wilhelm* Sec Mercuru 
M’^aring^ Dr. Edward. Sec Set its * 

WarUire^ Mr* Sec Air* 

Water* Sec Air. 

Waitf Mr. See Atr^ Tefi Liquor. 

Wedgwod^ Mr. Jofiah. See fi^trntmeter* 
Withering^ William, M* D. See Terra Fonderqfit^ 
WeUafimt^ rev. Francis, LL.B. ^tt Fixed Stars* 
WeuSwari^ Thomas, £fq« See iVmv Flam* 


THE PRESS OP J, NICHOLS 


errata. 

VOL. LXXIII. 


Page, Liae. 

478. 18. for blighter rendlth bright 

VOL. LXXIV. PART H. 

289. 8* for the read thofc 

290. U. dele T^ihtv 

291. 8. for the read thefe 

329. 7. for 1784 read 1783 

341. 2j. foi , firll, uai fixed 

342. 1 2. for than read that 

345. 1 . after from infert thetr 

365. II* I readK 

In plate XIV. fig. 2. the letter a fliould be iofertedat the bottom^ 
and the letter i at tfretop, of the dotted interval 19I, in the 
fame manner as the letters c and d at the two extremes of the 
dotted intervals in fig. 3. 

In plate XXI. fig. 2. at the lower angle of the diagram, in fame 
copies, the letter K Hands bymiftakeiaficad of H. 
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